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There ig a G.E.C. electronic device to meet every com- 
mercial, industrial or scientific need. The particular 


receiving types illustrated above are Z14, X61M, KT6l, 
U52, KT66 ana PXz5. Although OSRAM valves are still 
in very short supply, technical data will gladly be supplied 
on request. 


Osram &6.C Osram 


PHOTO CELLS CATHODE RAY TUBES VALVES 


Advt. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2. 
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is available on request from 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport on Severn, Worcs. Telephone: Stourport Ill. Telegrams: Steatain, Stourport. 
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a material for engineers 


Sheet Tufnol is available in sizes of up to approx. 4 ft. sq. and from 
a few thou’ up to several inches thick. It can be cut to almost any 
shape with ordinary engineering tools. Components made from 
Tufnol are light yet mechanically strong; they are electrical in- 
sulators; they are not appreciably affected by chemicals, oil, petrol, 
water or steam. 

Tufnol is also made in the forms of tubes, rods, bars, angles and 
channels. 

Examples of components made from Tufnol Sheet: gear wheels, 
pulleys, terminal boards, radio valve holders, fan blades, anode 
covers in electro plating. 


An ELLISON Product 


TUFNOL LT 


PERRY BARR BIRMINGHAM 228 154 
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Radio and Television Components 
are used by all the leading set manufacturers 


* 


Points of Low Contact Resistance in Circuit Design 
of Miniature Receivers 


B 7 G Miniature 


Laminated Valveholder 
for use with !IT4, IR5, etc. 


Designed with 7 special sockets 
giving extremely low contact 
resistance and ensuring posi- 
tive location of pins. Tags and centre screen pre-tinned. 
Fixing centres Hole Dia. -100. 


PLATE DIMENSIONS : Major axis 1°093, Minor axis °680. 
For mounting either above or below chassis. 


BRITISH MECHANICAL PRODUCTIONS LTD. 


21 BRUTON STREET, LONDON, W.1 


Telephone : MAYfair 5543 
Foremost in Valveholder design 


Further details of 


this 
Colles on 


®Pplication 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 
Founded 1864 


Office 22 OLD BROAD ST , LONDON, £.C.2 Tel. LONdon Wal! 
Enquiries to TELCON WORKS, GREENWICH, S.E.10. Tel: Greenwich 1040 


* B.ILF. Olympia Stand No. C,1524 


SELENIUM 
PHOTO ELECTRIC 
CELLS 


FOR LIGHTMETERS, EXPOSURE METERS, COLOUR 

METERS, DENSITOMETERS, REFLECTOMETERS, 

LABORATORY AND SCIENTIFIC INSTRUMENTS OF 
ALL KINDS. 


INVITATION. 


You are cordially invited to bring us any problem 
in connection with Selenium Photo Electric Cells 


and their application. 


MEGATRON LTD. (Laboratories) 
1 15a, Fonthill Road, LONDON, N.4._ ARChway 3739. 
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TELCON;; CABLES 

Sor all Television 
and Radio Requirements he 
CABLE CHARACTERISTics 
CODE | 20 [earaciry ATTENUATION 
At 10Mc/s | 
a AS44 12.5 yy F 0.13 db/100 Fe. 
DSTA. 45 100 Mc/s 
A db/100 Fe. 
DIAMETER ~2.22 ins, TYPE:—Disc SPACED 
Le AIR DIELECTRIC LEAD SHEATHED 
ARMOURED 
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> CELESTION PERMANENT MAGNET LOUDSPEAKERS 
SPEECH COIL FLUX TOTAL PEAK 
CHASSIS MODEL | IMPEDANCE POLE DENSITY GAP POWER 
DIAMETER DIAMETER 
OHMS GAUSS FLUX 
2° 3.0 8,500 8,000 
34° P3C 3.0 7,700 24,000 
js 5° PQ 3.0 8,500 26,000 | 2W 
ned. 5° PST 10.500 32,000 | 2W 
> ° P6Q 3.0 
8,500 26,000 | 3W 
680. éf- P6T 30 |} 2 10,500 32,000 | 3w < 
P8D 2.3 6,200 24,000 4w 
LTD 8° Pam 23 } \" 8,000 31,000 | 4W 
8” P8G 23 10,000 39.000 | 4w 
10" PIOM 23 8,000 31,000 | 6W 
10° PI 23 10,000 39,000 | 7W 
12 P64 15.0 13” 12,500 140,000 | 12W 
18° P84 | * 13,500 350,000 | 40W 


From the range of Celestion Loudspeakers most 
manufacturers are able to meet their requirements. The 
smallest model, a midget weighing 3+ oz. is intended for 
small personal radios and the largest, capable of handling 
40 watts, for public address purposes. Between these 


extremes, the range is balanced and well considered. 
RIC } PUBLIC SALES O 
Several Loudspeakers of this range are available to the DISTRIBUTORS 
DUR public in chassis form or housed in attractive cabinets. = 
COE All enquiries for these must be directed to our sole CYRIL FRENCH LTD. 
wholesale and retail distributors, Cyril French Ltd. 29 High Street, 
Hampton Wick, 
Middlesex. 
Cells CELESTION LTD.. KINGSTON-ON-THAMES | 
SURREY - PHONE: KINGSTON 5656-7-8-9 
Robert Sharp & Partners 
3739. | 
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THIS WAS THE PROBLEM 
To provide a tough, high-efficiency 
insulating material, easily fabricated 
into a variety of shapes for use in 
building up heavy-duty electrical en- 


gineering components. 


Partly finished rotor shaft for a_turbo- 
alternator manufactured by C. A. Parsons 
& Co. Ltd. Bakelite Laminated is used for 
packing blocks and wedges and many other 
important purposes in the insulation of elec- 
trical generating equipment. 


—solved by using BAKELITE LAMINATED 


Wooden blocks, followed later by asbestos blocks combining all the essential qualities in one material 
and wedges treated with insulating varnish, failed . . « giving ease of fabrication plus better 
to stand up to increased peak loads and variations electrical insulation, improved mechanical strength 
of speed. BAKELITE Laminated met the need by and resistance to heat, oil and corrosion. 


BAKELITE PLASTICS 


REGD. TRADE MARKS 


Pioneers in the Plastics World 


BAKELITE LIMITED - 18 GROSVENOR GARDENS - LONDON, S.W.1 
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Frequency | compensated 


A.C. VOLTAGE 
STABILISATION 


% + 1% change in mains frequency reduced to 
+ 0.05% in output voltage. 


%& + 1% change in supply voltage will not 
change output by more than + 0.04% 


xe Output voltage held within the extreme 
limits of + 0.14% for simultaneous variations 
of + 6% in voltage and -++ 2% in frequency. 


%& Waveform perfectly Sinusoidal. 


te Made in sizes of 12, 24, 60, 120, 240 and 480 
VA. Input 190/260 volts, 50 c/s. Output 
voltage any desired value. 


“STABILISTOR” 


Type ‘*B” for fixed loads which are 
resistive in nature. 
Please write for E.E.2 to :— 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD., 
82, York Way, Kings Cross, London, N.I. 


SYDNEY S. BIRD & SONS, LTD. 
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX. 
"Phone: Enfield 2071/2. 'Grams: ‘Capacity, Enfield.’’ 
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Filament Voltage . Filament Voltage 
Filament Current J Filament Current 


Maximum Anode Voltage Maximum Anode Voltage 
(R.M.S.) per Anode 350V (R.M.S.) per Anode 250V 


Maximum Output Current 1!20mA Maximum Output Current 120mA 


The UU.6 is an indirectly heated full wave rectifier for use in A. C. Mains 
Receivers, whilst the U.403 is a half wave rectifier for use in A.C./D.C. Receivers. 
Both valves are metallised and are of small dimensions. Hence they are 
eminently suitable for use in mains portable receivers or any receivers where 


rectifier hum trouble is likely to be experienced due to cramped layout. 


MAZDA 


RADIO VALVES AND CATHODE RAY TUBES. 


THE EDISON SWAN ELECTRIC CO. LTD., 155, CHARING CROSS ROAD, LONDON, W.C.2 
R.M.48 
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NEW PUBLICATION DATE 


In future the publication date of this Journal will be the last Friday 
in each month instead of the Ist of each month as heretofore. 


OR those who have to express 
F 'themseives, whether in articles 

or lectures, the study of words is 
always an attractive and profitable 
pastime. Mr. Eric PARTRIDGE’S 
Usage and Abusage, which first 
appeared in America in 1942 and is 
now published in this country,* 
forms, as the author hopes, a 
valuable complement to Fowler’s 
classic, Modern English Usage. 


From the many quotable and 
sometimes disputable comments in 
the book, we can pick out such 
examples as ‘“‘ Disc—a mere variant 
of disk, the earlier and _ better 
spelling (O.E.D.),” which gratifies 
this writer, at any rate. Under 
Tautology, the author lists some 
repetitive phrases such as “ connect 
together and connect ‘“‘ open 
up” and “ mix together.” Some of 
the more obvious tautologies such as 
“two halves’? may certainly be 
classed among faults of style, but 
many of the examples quoted are 
almost idiomatic, and in some cases 
(“connect up”) have a definite 
technical significance. 


Again, the author deprecates the 


use of “replace” in the sense of | 


“put something in the place of.” 


* Hamish Hamilton, London, 1947. 15s. net. 

+ Words and their Ways in English Speech, i 

tsee “Metaphors, Mxed,” p. 185 Mr. 
Partridge’s book. 


Jargon 


One cannot replace a by 0} in an 
expression, because the word implies 
putting a back into its place. This 
is quite correct, of course (perhaps 
one should say ‘“ This is correct” 
. to avoid tautology), but the 
misuse of the word has become so 
common that it ought to be accepted 
by now. In any case, the writer who 
writes ‘by the book’ is like the 
normal man—impossible to live with. 
Technical people will’ be dis- 
concerted to see the reference 
“ Technicalities : see Jargon.” The 
justification is given in the words of 


ELECTRONIC ENGINEERING 
MONOGRAPHS 


The fourth Monograph in the series is 
now ready under the title : 


The Gas-filled Triode 
and its Applications 


By 
G. WINDRED, A.M.I.E.E. 


This subject is of interest to all 
industrial firms who have installed 
electronic apparatus and to those 
concerned in its operation and 
maintenance. 


Copies can be obtained from Technical 
Booksellers, price 2s. 6d., or direct from 
the Circulation Dept. Hulton Press, 43 
Shoe Lane, E.C.4. Price 2s. 8d. post free. 


Greenhough and Kitteridge :f 
“Every profession has its technical 
vocabulary, the function of which is 
to designate things or processes 
which have no names in ordinary 
English .... Such special dia- 
lects, or jargons, are necessary in 
technical discussions of any 
kind... . .” 


Now here the writer would like to 
draw a distinction. One can have a 
technical vocabulary and a technical 
jargon, and the difference is that the 
jargon is unintelligible to any but a 
narrow circle of, initiates and the 
technical vocabulary is learnt by all 
those trained in the profession. 


The case of the amateur trans- 
mitter (jargon: ‘‘ham’’) is one in 
point. When he says “ Best 73s 
XYL,” the meaning is only clear to 
his own associates and not neces- 
sarily to the radio engineer. 


Another example is the way in 
which radar jargon is creeping into 
technical conversation. The use of 
a boot-strap as a lawn mower may 
be an apt description of a new 
circuit but is hardly intelligible to 
the radio engineer in the street. 


We should nip some of these 
esoteric terms in the budt before a 
demand arises for interpreters, and 
make sure that our technical vocabu- 
lary does not degenerate into a jargon. 
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: H Below, (a) Digit tra Programme trays. 
Two Views of the ENIAC vitiacing unit pulse, for 
ard reader and card punch). 
Above , (a) Digit trays. (b) Programme trays, d) Pulse generator panel. fe). Master programme panels 
c) Function unit, (d) Card reader. f) Panels for Function table. 
e) Card punch. (f) High-speed multiplier. g) Panels of accumulators | and 2. 


(g) Testing equipment. h) Function table. 


By courtesy of ‘‘ Nature.’’ 
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The ENIAC — High-Speed Electronic Calculating Machine 


e 

N recent years desk-type calculat- 
[ins machines have become very 

familiar. Such machines are aids 
for carrying out the ordinary pro- 
cesses of arithmetic and with them it 
is possible to undertake calculations 
which would be too tedious and 
lengthy to do by ordinary methods. 
The Eniac (Electronic Numerical 
Integrator and Computor) is a 
machine of similar type in that its 
function is to handle numbers and 
perform ordinary arithmetic opera- 
tions on them; it differs in that it 
works at much greater speed and can 
be set up in advance to perform a 
long sequence of operations one after 
the other instead of requiring to have 
new numbers set and the operating 
buttons pressed for each multiplica- 
tion or addition. The Eniac is, in 
fact, the equivalent of a desk type of 
machine together with an operator, 
both capable of working at lightning 
speed. Unlike human _ operators, 
however, the machine is only able to 
carry out literally the instructions 
given to it and any extension of them 
is quite outside its power, It is like 
a desk calculating machine operated 
by a moron who cannot think, but 
who can be trusted to do exactly as 
he is told. The Eniac has been 
referred to as an ‘electronic brain” 
nothing could be further from the 
truth. Plenty of brain power is 
required in connexion with the 
Eniac, but it must all be provided 
by the operator who sets it up, The 
fact that it can be set up so as to 
recognise certain contingencies (such 
as a given number becoming nega- 
tive) and to adjust the sequence of 
operations accordingly is in no way 
at variance with this statement, 

The Eniac was built by the Moore 
School of Electrical Engineering, 
University of Pennsylvania, Phila- 
delphia, its development being spon- 
sored by the U.S. War Department. 
It was designed by Dr. J. Presper 
Eckert and Dr, John Mauchly, of 
the Moore School, with the co- 
operation of Captain Herman H. 
Goldstine, of the Ordnance Depart- 
ment. During a visit to Philadelphia 
last summer the writer was_privi- 
leged to study the machine, and 
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SET OF 10 KEYS 
0123456789 
PULSE COUNTER 
GENERATOR 0000000000 
0123456789 
INDICATING 
LAMPS 
Fig. |. 


Principle of a simple electronic adding 
machine. 


witness its operation, and this article 
is based on information obtained 
during that visit. 

The machine is very impressive in 
scale, as may be seen from the photo- 


graph, It contains about 18,000 
valves and 1,500 relays. The power 
consumption is 150 KW. All the 


valves are run at very conservative~ 
ratings, and the power is left on 
continuously, day and night, There 
is an elaborate cooling system with 
thermostatic control. 


Principle of Operation 

The Eniac works entirely by elec- 
tronic means, the only mechanical 
parts being the apparatus which 
feeds in from punched cards the con- 
stants and other numbers which are 
known at the start of the calculation, 
and the punch which punches on to 
blank cards the numbers which con- 
stitute the answer. 

In order to see how electronic tech- 
nique can be applied to the design 
of a computing machine consider 
Fig. 1, which shows in diagram- 
matical form a_ simple _ electronic 
adding machine. The box marked 


-| 


a FLIP-FLOP 


K 
SET RESET 


The University Mathematical Labora- 
tory, Cambridge. 


Fig. 2. Basic “flip-flop” circuit of an elec- 
tronic counter. 


pulse generator ’’ has 10 buttons 
numbered 1 to 10 and is so con- 
structed that when, say, the button 
marked 6 is pressed six separate 


pulses are emitted. These pulses 
pass into the second box marked 
‘counter’? which shows on a dial 


or by means of lights the total 
number of pulses which have entered 
it, Thus to add, say, 3 to 6, the 
counter is first cleared so that it 
reads zero and then the 3 and 6 
buttons on the pulse generator 
pressed in turn, . The counter then 
records the et er of pulses 
it has received, ee 

Electronic cieage have been used 
for many years to count particles in 
research in atomic physics and for 
other applications. The basic circuit 
is the simple flip-flop’ shown in 
Fig. 2. It consists of two triodes 
with their anodes and grids cross- 
connected with D.c. connexions, The 
condition in which one valve is con- 
ducting and the other cut-off is 
stable, as may be seen as follows : 
Suppose the right-hand valve is pass- 
ing a large anode current; its anode 
will be at a low potential, and the 
grid of the left-hand valve, by virtue 
of the cross-connexion, cut off. The 
anode of the left-hand valve, and 
therefore the grid of the first valve, 
will be at a high potential. Since 
this is what is required to make the 
first valve conducting (as. it was 
assumed to be) the circuit is in a 
stable condition. There are two 
stable conditions. according to which 
valve is conducting, and the circuit 
may be changed over from one to the 
other by a pulse applied to the grid 
of the non-conducting valve. A pulse 
applied to the grid of the conducting 
valve has no effect. 

The way in which ten flip-flops 
may be connected in a ring so as to 
form a scale of ten counter is shown 
in Fig, 3+ (for simnvlicity onlv four 
flip-flops are shown). Each flip-flop 
has associated with it a neon lamp 
which glows when the left-hand valve 
is conducting. In this state the flip- 
flop will be said to be “‘ on ’’; othez- 
wise it is “ off.” Suppose to,begin 
with all the flip-flops are off except 


t See also ‘An Electronic Decimal Counter 
Chronometer ” by S. West, Electronic Engineering 
Jan.-Feb. 1947. 
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No. 2 which is on. The arrival of 
a positive-going pulse along the 
common input line turns No, 2 on, 
and the consequent rise of potential 
of the anode of the right-hand valve, 
communicated to the grid of the next 
valve, causes flip-flop No, 3 to be 
turned off. All flip-flops except No. 3 
are now off. The arrival of another 
pulse puts No. 3 off and No, 4 on, 
and similarly for further pulses. 

In the Eniac the interval between 
successive pulses is 10 msec. and 
the addition of two numbers takes 
200 usec. If full use is to be made 
of this high speed it is essential that 
no time shall be lost in setting up 
the connexions between the various 
units for each addition, multiplica- 
tion, etc., in the sequence of calcula- 
tion. All such switching is therefore 
done by electronic means, with the 
aid of gate tubes, each consisting of a 
pentode with the control] waveform 
applied to the suppressor (see Fig. 4). 
A gate tube is equivalent to a single 
pole on-off switch, and when more 
complicated switches are required 
they must be built up from a number 
of gate tubes. This is one of the 
reasons why the Eniac contains so 
many tubes. : 

All pulses used in the Eniac have 
their origin in the cycling unit and 
are passed as required through the 
machine, their progress being con- 
trolled at each stage by means of gate 
tubes. The cycling unit contains an 
oscillator running at 100 Kc/s, from 
which pulses, 2 msec. wide, are 
obtained, By means of suitable count- 
ing down and gate circuits the wave- 
forms shown in Fig. 5 are generated. 
These repeat every 200 msec. This 
period is the fundamental unit of 
operating time and is known as the 
addition time. Every operation takes 
an integral number of addition times. 

The waveforms marked 1, 2, 2’, 
and 4 in Fig. 5 are used to build up 
trains of pulses representing the 
digits from o-9 in rather the same 
manner as the individual weights in a 
box of weights are used to build up 
any required weight. An example of 
how this is done will be given in the 
next paragraph when we consider the 
constant transmitter. The remaining 
waveform known as the central pro- 
gramme pulse is emitted at the end of 
each addition time and is used in con- 
nexion with the control circuit. 


The Numerical Units 


The nambers which form the raw 
material for the calculations are fed 
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Fig. 3. ‘‘ Flip-flops’ connected in a ring to 
form a scale of ten counter. 
3 
f > QUTGOING 
PULSES 
ba 
INGOING 
PULSES 
CONTROLLING 
WAVE FORM -G.B. 


GATE OPEN WHEN SUPPRESSOR+ 
» CLOSED » ” 


Fig. 4. Use of pentode as a “‘ gate”’ tube. 


REPETITION PERIOD on ADDITION TIME 
200 


CPP —{ } 


Fig. 5. Pulses generated from “ cycling ” unit 
used to build up pulse trains. 


into the machine by means of 
punched cards of the kind used in 
the well-known Hollerith accounting 
equipment. Fig. 6 will help to 
explain how the digits punched on the 
cards are translated into trains of 
pulses. . The cards pass through a 
standard card reader and a contact 
made through the punched hole in 
each column causes one of a set of 
ten relays to be closed. These relays 
control a set of four gate tubes which 
are fed with the 1, 2, 2’ and 4 pulses 
from the cycling unit. For example, 
if the digit punched is 3 then the 
third relay from the top will be closed 
and the gates controlling the 1 and 2 
pulses will be opened, allowing a 
total of three pulses to pass through 
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in each addition time. In the actual 
machine further gates are provided in 
such a way that the train of pulses is 
not emitted until required, and then 
for the correct number of addition 
times. Note that each digit in a 
number is dealt with separately and 
the pulses representing a single 10- 
figure number, together with a pulse 
representing the sign, must be con- 
veyed from one part of the machine 
to another by a cable containing 11 
wires, The cards used have room for 
digits to be punched in 80 columns, 
so that eight 10-figure numbers can be 
transmitted at once, 

The output from the machine is 
also obtained by means of punched 
cards. A standard high-speed punch 
connected to the machine, when suit- 
ably stimulated by the control cir- 
cuits, punches a card corresponding 
to the numbers at that moment stand- 
ing in certain specified accumulators. 

The advantage gained by using 
punched cards for input and output is 
that the development of special input 
and printing machinery is rendered 
unnecessary. In addition, use may 
be made of standard card sorting 
and tabulating gear which provide 
facilities which enlarge the scope of 
the machine. 

The basic numerical unit of the 
Eniac is the accumulator and there 
are 20 of these altogether in the 


machine, The accumulator is both a 
storage device and an _ adding 
machine, It contains ten counter 


rings similar in principle to those 
shown in Fig. 4, but provided with 
tens transmission circuits, so that 
when any ring passes the “9”? posi- 
tion, one pulse is automatically 
passed into the next ring. The rings 
are built on long narrow trays placed 
vertically with the neon lamps visible 
from the front of the machine. The 
number in any given accumulator 
can then be seen on_ inspection, 
although normally when the machine 
is running the numbers change too 
rapidly for this to be done. 

Pulses reaching an accumulator 
along one of the digit circuits are 
automatically added to the number 
already standing in it. Provision is 
made for clearing the accumulator 
when required. An important addi- 
tional feature is the ability of an 
accumulator to ‘‘ recycle ”’ or emit in 
pulse from the numbers stored in it. 
This is achieved in the following 
manner. A stream of. ten pulses is 
passed into each ring, taking it round 
a complete cycle. No pulses are 
emitted along the output line until 


the ri 
at wh 
therea 
nously 
the en 


a nur 
the di 
and tl 
as 
the m 
pleme 
the ac 
tracte 
A} 
carryi 
plicat 
multi 
of ir 
machi 
This 
Eniac 
the r 
numb 
tion 
make: 
other 
produ 
effect 
givin; 
numb 
much 
accus' 
menta 
is red 
It is 
methc 
in th 
tracti 
order 
arran 
fore 
where 
in pr 
a cor 
an in 
the d 
squar 
In 
neces: 
and ] 
gous 
mach 
table: 
ten-w 


| 
| 
“4 

12-fig 

adval 
numt 
form 
when 
Prog 
Th 
arith: 

in th 

and 

matic 

aspen 


947 


> actual 
vided in 
ulses is 
id then 
iddition 
it in a 
sly and 
gle 10- 
a pulse 
nachine 
ling 11 
yom for 
lumns, 
can be 


line is 
unched 
punch 
suit- 
ol cir- 
onding 
stand- 
ators. 
using 
tput is 
| input 
ndered 
may 
orting 
rovide 
ope of 


the 
there 
n the 
a 
dding 
unter 
those 
with 

that 
posi- 
ically 
rings 
laced. 
isible 
The 
lator 
ction, 
chine 
e too 


lator 
are 
mber 
on is 
lator 
addi- 
f an 
in 
n it. 
wing 
es is 
ound 

are 
until 


April, 1947 


the ring passes the “‘g’’ position, 
at which moment a gate is closed; 
thereafter, pulses are emitted synchro- 
nously with the incoming pulses until 
the end of the operation, In this way 
a number of pulses corresponding to 
the digit stored in the ring is emitted 
and the ring is left in the same state 
as it was in initially. Alternatively, 
the number emitted can be the com- 
plement of the number standing in 
the accumulator, 7.e., the number sub- 
tracted from zero. 

A special unit is provided for 
carrying out the operation of multi- 
plication. The simplest method of 
multiplying—and the one made use 
of in most desk-type calculating 
machines—is by repeated addition. 
This method was rejected in the 
Eniac because of the time required; 
the multiplication of two 10-figure 
numbers would take up to 100 addi- 
tion times. Instead the machine 
makes use of the method (also used in 
other calculating devices) of partial 
products, with the aid of what is, in 
effect a built-in multiplication table 
giving up to nine times nine, Two 
numbers are then multiplied in very 
much the same way as we are 
accustomed to use when calculating 
mentally, and the total time required 
is reduced to about 14 addition times. 
It is not easy to apply the same 
method to division, and the divider 
in the Eniac works by repeated sub- 
traction, the time taken being of the 
order of 140 addition times, In 
arranging the computation it is there- 
fore desirable to avoid divisions 
wherever possible, and it is found 
in practice that division can be made 
a comparatively rare operation. By 
an ingenious combination of circuits, 
the divider can also be used to take 
square roots, 

In ordinary computing it is often 
necessary to refer to printed tables, 
and provision is made for an analo- 
gous operation to be performed by tke 
machine, There are three function 
tables, each containing about 1,400 
ten-way rotary switches, on which 104 
12-figure numbers may be set up in 
advance by the operator. These 
numbers can be transmitted in pulse 
form to any other part of the machine 
when required. 


Programming 2 

The general manner in which 
arithmetic operations are performed 
in the Eniac has now been described 
and it remains to show how the auto- 
matic sequencing of operations—or 
programming — is achieved. This 
aspect of the design of a large-scale 
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FROM CYCLING UNIT 


Fig. 6. Principle of circuit used in accounting equipment of the Hollerith type. 


Fig. 7 (below). Simplified schematic diagram showing how a programme pulse sets an 
accumulator to receive pulses through one of the ‘Sigit sockets. 
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calculating machine presents many 
interesting problems and the capable 
way in which they have been solved 
in the Eniac, combining great flexi- 
bility with comparative simplicity of 
setting up, is perhaps one of the most 
impressive things about the machine. 

The accumulator—which will be 
taken as an example—has five digit 
input sockets (each 11-way) through 
each of which it can receive digit 
pulses from other units. It has also 
two sockets through which it can 
transmit numbers or their comple- 
ments to other units, These input 
and output sockets are protected by 
sets of gates all normally closed, and 
only when the accumulator is stimu- 
lated by a programme pulse received 
on a separate programme input does 
any actual reception or transmission 
take place, The complete circuit 
details are complex, but the manner 
of working may be explained by 
reference to Fig, 7 which is a simpli- 
fied schematic diagram showing how 
a programme pulse can put an 
accumulator into a state of readiness 
to receive pulses through one of the 
digit sockets, Two digit input sockets 
are shown and two programme 
inputs. 

In the normal state the counter 
rings are isolated from the input 
sockets by the set of gates Gi, Ga, etc. 
If a programme pulse appears on the 
input P the flip-flop F is set (i.e., 
changed from off to on). The poten- 
tial of the anode of the normally con- 
ducting valve rises and causes the 
gates Gi, G2, etc., to be opened; any 
pulses appearing on the digit line 


connected to input socket I therefore 


pass into the counter rings. At the 
same time gate R is opened and 
allows the next central programme 
pulse to pass through to reset the flip- 
flop. The gates Gi, G:, etc,, thus 
remain open for one addition time 
and no longer. The central pro- 
gramme pulse is also passed to an 
output socket whence it may be led 
to another unit to stimulate the next 
operation. In a similar way, if the 
accumulator is stimulated by a pulse 
on the programme input P’ it receives 
digit pulses through the second input 
socket for one addition time, and 
emits a programme pulse from O’ on 
the completion of the operation. 

The programme circuits in the 
actual machine are more complicated 
than that shown in Fig. 7, and allow 
the operator to choose by means of a 
switch associated with each pro- 
gramme input (there are 12 in all) 
the particular operation to be per- 
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formed when that input is stimulated. 
For example, the accumulator may 
be made sensitive to receive pulses 
through any one of five separate digit 
input sockets, or to transmit the 
number stored in it, (or alternatively 
the complement of that number), 
through outlets reserved for the pur- 
pose. In the case of eight of the 
programme inputs, provision is made 
for the operation to be repeated up to 
nine times before the central pro- 
gramme pulse is emitted, 


The other numerical units of the 
machine are similarly provided with 
programme inputs through which 
they may be stimulated to perform 
their respective functions, and pro- 
gramme outputs through which they 
emit pulses when the operation is 
complete, The programming of a 
calculation therefore involves the 
organisation of two distinct sets of 
inter-unit connexions—the digit lines 
through which the actual numbers 
are passed from one unit to another, 
and the programme lines through 
which the programme pulses pass. 
An important part of the programme 
equipment is the ‘master pro- 
grammer ”’ which switches the pro- 
gramme pulses so that one or more 
distinct computing routines can be 
performed successively, each being 
repeated the requisite number of 
times. 


This article has been primarily 
concerned with the Eniac as an 
interesting application of modern 
electronic technique, but its impor- 
tance as an instrument for mathe- 


matical research will readily 
appreciated. In a large number of 
problems, especially in atomic 


physics, aerodynamics, and similar 
subjects, it is possible to write down 
the mathematical equations govern- 
ing a situation, but impossible to 
treat them analytically. Numerical! 
methods have in the past often 
enabled progress to be made in such 
cases, but only at the cost of great 
labour, and rather slowly. The 
Eniac, and machines of even greater 
power now in development, will 
undoubtedly have a _ far-reaching 
effect on this type of research. They 
are likely also to enable mathematical 
methods to be used in engineering 
design in cases where at present 
either rough and ready methods, or 
elaborate scale models, have to be 
used. 
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Electro-Chemical Recording 
Material 


Writing in the current issue of the 
Marconi Review, Mr. C, P. Fagan 
describes a number of methods of 
using electro-chemical recording 
paper and the required impregnated 
solutions, Those methods in which 
the metal of the stylus takes part in 
the reaction are considered inefficient 
owing to the corrosion of the metal 
and difficulty in high-speed recording, 

Of the methods employing a rare 


metal stylus, such as_ platinum- 

iridium alloy, the following are 

mentioned : 

1. Soluble thiosulphate of heavy 
metals. 


Two solutions are required: (a) 
Sodium thiosulphate 525 gm. and 
water 1,000 ml., (b) lead acetate 
400 gm. and water 1,000 ml.; (b) is 
added to (a) until the precipitate 
redissol ves, 

The paper impregnated should be 
used within a day or so, and should 
be wetted before use. Using currents 
varying from 5 mA to 50 mA, a 
colour graduation from light grey to 
deep black is obtained, 

2. Starch-iodide. 

A highly sensitive recording paper 
may be made by impregnating with 
potassium iodide 100 gm., starch 
100 gm. (solic), starch paste 50 gm., 
sodium _hydro-sulphite-formaldehyde 
I gm., water 1,000 ml. Damp record- 
ing paper can be stored for long 
periods, 

The stylus should be the anode. 
The trace is liable to spread and to 
fade in strong daylight, but spread- 
ing can be checked by buffering the 
recording solution to a pH of 6.8 by 
means of borax, 

3. Azo dyes. 

Work has peen done on the forma- 
tion of azo-dyes under the passage of 
current by Myer Solomon in America, 
and many of the processes are 


patented. 

The following formula gives 
orange-brown recordings on a whit? 
background : 

Sodium naphthionate 7.4 gm., 
phloroglucinol 1.3. gm., sodium 


hydroxide (N) 40 cc., sodium nitrate 
(2N) 15 cc., sodium chloride 58.5 gm., 
water 1,000 ml, 
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A Modern Vibration Measurement 


Laboratory 


A Study of the Conditions to be Satisfied in Vibration Measurement Work 


Strain Gauges 
A considerable amount of work 
has been carried out in the develop- 
ment of the present-day electric resis- 
tance strain gauge. The earliest use 
of the electric strain measurement 
was probably the employment of 
carbon resistor elements for measur- 
ing propeller vibration stresses in 
aircraft applications. These early 
gauges (see Fig. 10) were in general 
unsuitable for measuring steady 
stresses, as they were prone to large 
and erratic changes of resistance with 
temperature. The wife strain gauge, 
which is of consistent performance 
and has uniform characteristics in 
production quantities, enables the 
measurement of steady and vibratory 
strains to be carried out for strains as 
low as 2.parts per million, corres- 
ponding to stresses of 20 lb, per 
sq. in, and 60 lb./sq. in. in duralumin 
and steel respectively; such accuracy 
depends naturally on the test condi- 
tions, and even higher standards of 
accuracy are claimed under labora- 
tory conditions. As explained in the 
first of these series of articles, the 
AR 


fractional change of resistance —— 


of a fine wire due to an applied strain 


AL 


— is proportional to the strain 


and bears a fixed ratio to it. This 
ratio is known as‘the “strain and 


sensitivity factor” of the wire 
material and is often denoted by S, 
AR. 
te. S =— + 
R 


The value of S varies considerably 

with different materials. (See I in 

appendix.) It is evident from the 

relationship given above that if 5 

can be measured for a given material 
AR 


and since —— may be measured 


* Late of Vibration Dept., de Havilland 


Propellers, Ltd. 


Part 2 
By A. J. COGMAN* 


Fig. 10. Some 
early carbon 
strain gauges. 


when a sample of such a material is 
subjected to a mechanical strain, then 


AL 
—— may be evaluated. The practi- 


cal forms taken by strain gauges are 
shown in Fig. 11, b and c, 


Fig, 11b shows the solenoidal type 
of gauge, in which a fine wire is 
wound into a cylindrical solenoid on 
a paper former, then flattened, after 
which it is provided with end con- 
nexions of stouter wire or metal rib- 
bon and cemented inside a protecting 
fold of paper. Fig. 11c shows the grid 
or zig-zag type of gauge, where the 
fine wire is formed into a zig-zag 
cemented to a single layer of thin 
paper. End leads are provided as in 
the solenoidal type. 

In either case the gauge is 
cemented to the surface where strains 
are .to be measured with the wires 
lying along the axis in which direc- 
tion strain measurement is required. 
Extension or contraction of the sur- 
face will, if the cement bond hag 
good shear strength, extend or com- 
press the wire in a similar manner, 


producing an increase or decrease in 
its ohmic resistance, enabling the 
mechanical strain along the gauge 
length to be determined from the 
relationship already mentioned. 


Temperature effects on_ strain 
gauge installations are of importance 
in the measurement of steady stresses, 
If a strain gauge is installed on a 
metal surface, and the metal is sub- 
jected to a change in temperature, 
the strain gauge will respond, giving 
a change of resistance and a conse- 
quent false indication of stress, The 
effect is due to the combined in- 
fluences of temperature upon the 
dimensions of the test surface (since 
thermal expansion or contraction is 
equivalent to strain) and the tempera- 
ture coefficient of resistivity of the 
wire of which the gauge is formed. 
The apparent stress recorded per 
unit temperature rise is termed the 
temperature equivalent stress ’’ for 
the combination of gauge and test- 
piece materials under consideration ; 
some values of the temperature 
equivalent stress are given in the 
appendix under heading I. Tem- 
perature effects are not important 
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1-750" 
(b) 


except in the low-frequency range 
of zero to 2 c/s, 

The choice of strain gauges for a 
particular application is of some 
importance. For steady stresses a 
low temperature equivalent stress is 
desirable, while low resistance of the 
gauge is not serious if a galvano- 
meter and Wheatstone bridge (or 
variant of this circuit) is used. 

For vibratory stress measurement, 
temperature effects are unimportant 
and since the amplifier and oscillo- 
graph equipment used is essentially 
of the voltage-sensitive type, high 
resistance gauges enabling the maxi- 
mum possible voltage change to be 
obtained are normally used, together 
with wire materials having high 
values of S. Some of these are pre- 
cluded from use in the low-frequency 
range due to their high temperature 
equivalent stress values. 

It should be noted that the voltage 
output obtained from a gauge for a 
given stress change under dynamic 
conditions depends solely upon the 
voltage applied; this voltage is, how- 
ever, limited by the gauge current 
flowing and this factor necessitates 
the use of high resistance gauges for 
dynamic work. 

Typical resistance values for 
steady and vibratory stresses lie 


STRAIN 
CAUCE 
ex | 
= ' ATTENUATOR 
RESISTANCE Ra 
EQUAL TO <> 
| STRAIN CAUCE 
(a) 
Fig. 


(a) The network used for dynamic measure- 


(b) The solenoidal type strai 
bonded with sy 


varnish. 
Th id strai This is 
ad with to ulose Bon 


between 100-150 ohms and 500-3,000 
ohms respectively. Gauges as high 
in resistance as 8,000 ohms have been 
used, but this is not normal. 
When used for vibration stress 
measurements, ‘the voltage output 
from a gauge used in a potential 
divider network (see Fig. 7 in pre- 
eQAR 

vious article) is equal to —— where e 
4R 

is the battery voltage applied and 
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1.0" 


0:5" —> 


(c) 


AR 


R 


resistance change.( See also Fig. 11a 
and appendix.) 


is the alternating fractional 


Cementing of gauges has naturally 
to vary according to the facilities 
available. When heat can be applied, 


as is the case with detachable 
machinery components, propeller 
blades, etc., phenol - formaldehyde 


cements are to be preferred; they are 


Fig. 13 A 14-way slip ring for use on the ends of shafts and propellers, 


: 
os 
| 
| 
3 | | 
| 
| 
i 
| 
| 
i ments from strain gauges. attenuator 
y j normally used is not of the simple type : 
Z gauge. This 
g 
2 
essi 
i 200 
of 
wit 
sho 


1947 


1-3” 


‘actional 
Fig. 11a 


aturally 
‘acilities 
applied, 
jachable 
ropeller 
ldehyde 
hey are 


April, 1947 


Fig. 12. The tip of a propeller-blade strain- 


gauge installation. P| y 
: cement was used. 


essential if working up to 
200° C, is required. An installation 
of strain gauges (solenoidal type) 
with phenol-formaldehyde cement on 
a duralumin propeller blade is 
shown in Fig. 12. 


In an extreme case, a diese] engine 
crankshaft over 14 ft, long was fitted 
with gauges by this means. 


For low-temperature work on 
assembled structures, _ grid - type 
gauges with cold setting cements of 
the cellulose type are most commonly 
used. Cements of the cellulose type 
have been found on occasions to yield 
under conditions of high humidity. 
When strain gauges are used on 
rotating parts, such as_ propeller 
blades, engine crankshafts, etc., con- 
nexions have to be brought out from 
the rotating part to the stationary 
recording apparatus by means of slip 
tings. Fig. 13 shows a 14-way slip 
ring for use on the ends of rotating 
shafts, propeller, etc. 
built up of silver or stainless steel 
rings and insulators interposed, and 
spring loaded brushes in the stator. 
For use on the rear of propellers on 


It has a rotor. 
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aircraft in flight and similar applica- 
tions, the concentric ring assembly 
shown in Fig. 14 is used. The method 
of attachment of both these types of 
slip ring is shown in Fig, 15, where 
they are in use on a counter-rotating 
propeller installation. The method 
by which the cables are brought out 
may be seen, 

Apart from the resistance types of 
strain gauge dealt with above, both 
carbon and wire wound, there are 
three other types which’ have been 
developed, but which have not yet 
lent themselves in as convenient a 
form as the resistance strain gauge. 
A Piezo Rochelle-salt Crystal may be 
used as an indicator of strain in bend- 
ing; the crystal is cemented to the 
surface under test, aud if bending 
stresses appear in the structure the 
resultant deflection of the crystal pro- 
vides a measure of the stress. 
Rochelle salt crystals have the dis- 


-advantage of possessing a high tem- 


perature coefficient of sensitivity, 
but this use of such a crystal has 
been successfully applied in the 


Fig. 14. The concentric type of — Has ue used for attachment to the rear 
of propellers. 


mechanism of a vibration meter (se. 
later). 

A capacity strain gauge has also 
been used, the strain being measured 
as proportional to the capacity be- 
tween a thin electrode and the test 
surface, with cement between the two 
as dielectric. The apparatus for use 
with such a gauge takes the form of 
an A.C. bridge operated at high fre- 
quency, unbalance being produced by 
change of capacity in the gauge. 

The inductance strain gauge 
Operates by the relative movement 
between a solenoid and an iron core, 
the fixing centres of the two elements 
being the gauge length apart. In 
use an A.C, bridge is employed as with 
the capacity strain gauge; relative 
movement between the coil and core, 
i.e., strain at the gauge points gives 
a change of the inductance of the coil, 
resulting in unbalance of the bridge 
circuit, 

None of these last forms of strain 
gauge is as convenient in use as the 
resistance type, nor can _ they, 
normally, be used on as wide a range 
of applications, 
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Fig. 15. Both types of slip ring used for dynamic (vibration) stress measurements on a 
de Havilland counter-rotating pg running on a Rolls-Royce ‘‘ Vulture”’ engine. 


Strain gauges may be seen 


(b) Vibration Meters 

Whereas strain gauges measure 
the mechanical strain in parts of a 
structure and enable the stresses to be 
evaluated, they cannot, in general, 
provide an indication of the ampli- 
tudes of deflection in space which 
may be induced in a structure by 
vibration. Amplitude measurements 
do not usually yield such useful 
information as do stress measure- 
ments, but are frequently required, 
nevertheless, particularly when the 
problems under investigation are 
more nearly concerned with un- 
pleasant physical sensation due to 
vibration structural failure. 
Measurements of vibration ampli- 
tudes are made by means of varying 
types of vibration meter; the suit- 
ability of a particular type of vibra- 
tion meter for a particular frequency 
range is noteworthy. For the lowest 
frequencies and particularly those up 
to about 5,000 cycles/min, mechani- 
cal instruments have _ considerable 
advantages; they are not dealt with 
in detail here as they do not employ 
electronic devices, but should be re- 
garded as the most suitable for low 
frequencies. Mechanical vibration 
meters can also be designed to give 
instantaneously available results re- 
quiring no photographic processing. 

The remaining classes of vibration 


ed to the propeller blades and wired to the slip rings. 


meters are electrical and may be 
divided into three main groups: (i) 
Those providing an electrical output 
proportional to displacement of the 
meter in space from a reference point. 
(ii) Those which provide an electrical 
output proportional to the velocity 
of the meter in space. (iii) Those 
providing an electrical output pro- 
portional to the acceleration of the 
meter in space, 
(i) Deflection Pa Displacement) Sensitive 

Vibration 

This class includes vibration 
meters held in the hand and having 
a moving system operated by a stylus 
placed against the vibrating struc- 


‘lers, 
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ture and moving relative to the main 
body of the instrument. The body 
of the instrument is of sufficiently 
large mass to be considered as the 
seismic element, remaining stationary 
in space. An instrument of this type 
is shown in Fig. 16, and was 
developed by de Havilland Propel- 
Ltd., for rapid exploration 
of the vibration characteristics of a 
structure. It will be seen from the 
interior view of the instrument that 
deflection of the stylus rod relative 
to the casing produces bending of the 
steel vane, to which is cemented a 
bimorph Rochelle-salt crystal. This 
acts as a ‘‘ strain ’’ gauge under such 
bending conditions and thus gives an 
electrical output voltage propor- 
tional to the vibratory deflection to 
which the stylus is subjected, By suit- 
able choice of the mechanical charac- 
teristics of the system, an instrument 
of this type may be designed for use 
over a wide range of frequencies, 


In the mechanical instruments in- 
cluded in this class, mention is made 
of the de Havilland-K.B.B, vibro- 
graph, which is representative of the 
mechanical displacement-type vibra- 
tion meter. 


(ii) Velocity-Sensitive Vibration Meters 


This class of vibration meters 
operates on electro-magnetic prin- 
ciples. Movement of the turns of a 
coil in the lines of a magnetic field 
induces in the coil a voltage propor- 
tional to the relative velocity bétween 
it and the magnet. In this way, by 
making one element of the system, 
i.e., the coil of the magnet, the 
seismic ‘mass and ‘fixing the other 
element, an electric output from the 
coil proportional to the velocity of 
movement of the instrument in space 
is obtained, In the Sperry-M.I.T. 


Fig. 16. Internal and external views of the de Havilland piezo crystal vibration pickup. 
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vibration meter, the coil is fixed and 
the magnet is suspended on springs 
and damped by oil immersion, reduc- 
ing the response at the natural fre- 
quency of the suspension system, 


In the Mullard vibration pick-up 
the coil is loaded mechanically and 
forms the seismic mass; it is sus- 
pended on “‘spider’’-type diaphragms 
as in the case of the moving coil of 
a loudspeaker. Electromagnetic 
damping is employed. All instru- 
ments of this type produce an output 
proportional to the velocity of their 
motion in space; the output has to be 
integrated electrically to provide a 
' voltage proportional to displacement 
for amplitude measurements, this 


being carried out by means of an, 


integrating network of the type dealt 
with in a later article. This type of 
vibration meter is usually operated 
above its natural frequency, 


(ili) Accelerati Sensitive Vibration Meters 


Two main types of acceleration- 
sensitive vibration meters are com- 
monly used; the first type has a 
Rochelle-salt or quartz piezo-crystal 
supported at one or more points and 
free at at least one point; movement 
of the supporting structure in space 
produces a deflection of the crystal 
proportional to acceleration and since 
the output voltage from a _piezo- 
crystal is proportional to the deflec- 
tion of the free point or points rela- 
tive to the fixed point or points this 
type of vibration meter has an 
acceleration-sensitive characteristic. 


Piezo - crystal acceleration type 
vibration meters are prone to two 
main faults; one is that owing to the 
stiffness of the crystal they are 
usually operated below their natural 
frequency and shock excitation of the 
crystal at its natural frequency may 
prove troublesome, 


The second fault is that the crystal 
is comparatively delicate and may be 
damaged by rough handling or 
mechanical overload, both of which 
may be experienced in engineering 
work. Also, the quartz crystal type 
has a low output, while the Rochelle- 
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salt type has a high temperature- 
coefficient of sensitivity, 


The second type of acceleration- 
sensitive vibration meter has a mass 
supported by a spring system and 
arranged so that deflection of the 
mass on the spring suspension causes 
an indication to. be recorded by a 
strain gauge on the spring. The 
strain gauge may be a wire resistance 
type or a Rochelle-salt crystal in 
bending. 

One commercially available instru- 
ment of this type combines the spring 
and strain gauge system by having 
the mass supported on fine wires which 
themselves are strain sensitive. This 
last type is of extremely consistent 
performance. 

All types of acceleration sensitive 
vibration meter necessitate the use of 
a double electronic integrating net- 


_ work, when it is desired to use them 


for displacement measurement, 


Appendix 

I. Characteristics of Some Strain 
Gauge Wires. 

These are given in the table below 
(S = strain sensitivity factor). 

Il. The sensitivity of a_ strain 
gauge for dynamic Stress Measure- 
ments. (See Fig. 118.) 


It is assumed that the values of 


-C and Rx, are such that no attenua- 


tion of signal takes place in the 
working frequency range. 


Let the resistance of strain gauge 
and series resistance be R (with zero 
strain at gauge) and let the strain 
gauge resistance change 8k. Then 
current flowing = e/2R. 


.. Voltage across gauge with no 


2.R 
Voltage across gauge with given 
e(R + 8R) 
2R + 8R 


difference, i.e., change, in voltage = 


strain = 


strain = 


Temperature 
Wire s* equival it Principal Uses 
| Stress oer °Ct 
Nickel copper e 2.15 < 100 Ib./in.* Steady stress measurement 
Nickel chrome (80/20) | 2.20 +560 Ib./in.? Dynamic stress measurement 
Staybrite .. 3-33 >500 Ib./in.* 
Iso-elastic .. 3.52 >400 Ib./in.? ” 


* Nominal ; varies with different samples, but slightly. 


Stress in duralumin. 
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2eR. (R + 8R) — eR(2R + 8R) 


2R(2R + 8R) 


4R + 28R 


The quantity 282 in the denomina- 
tor is small in relation to 4 and may 
be neglected, hence output at attenua- 


tor (at maximum setting) = 


III. Formule for evaluation of 
stresses and strains with strain 
gauges. 


In all cases: 


R = unstrained resistance of 


gauge (ohms) 
6R = change in resistance (ohms) 


E = Young’s Modulus of Elasti- 
city (Ib. /in.’) 


50% = Mechanical Strain 


S = Strain Sensitivity factor. 


.Fundamental relationship, 


AY 
R E 
8R 
Strain = —— = + § 
R 
8R 
Stress = E x ——+S 


For dynamic (vibration) strains. 


Strain = —— + S 


From II, 8¢ (output voltage from 
gauge network) 


e 
= 
8R 482 
R e 
48e 
ate Strain = 
E x 48e 
Stress = 
exS 


(To be continued.) 


j 
4 
8R 
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a 
R 
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oe 
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Thomas Alva 
Edison 


Born February I1, 1847 
Died October 18, 1931 


‘This democratic, kindly, modest being 
bestowed upon the human race blessings 
instead of bondage,. service instead of 


conquest.” 


The Edison Centennial, which 
was celebrated in February last, 
is marked by showing 
three of the many inventions for” 
which this remarkable man will 
always be remembered. 


The Phonograph, shown above 
in its original form, was first 
made on August 12, 1877, and the 
first recorded speech was ‘‘ Mary 
had a little lamb.”’ 


His patent for the electric 
lamp was No. 214,636, issued 
April 22nd, 1879. The illustration 
on the right is of an 8 c.p. type 
with a filament of carbonised 
cardboard made early in 1880. 


The Kinetoscope, first devised 
in 1887 for showing movin 

ictures, is shown in.commercia 
orm on the left. It employed a 
continuous loop of film about 
1} jn. wide, viewed through the 
hood at the top of the inet, 


Crown Copyright Photographs. By 
courtesy. of the Science Museum. 


serfdom, construction instead of . 


exist 
© : a whi 
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Several correspondents have given th 


below with Mr. Moir’s reply. 


Perfect v. Pleasing Reproduction — Discussion 


Readers will remember a provocative article by Mr. J. Moir in the January issue under the above title. 
eir views on this topic and a selection from their letters is given 


Mr. G, F. Redgrave, (Goodmans Industries, 
Ltd.) 


R. MOIR is drawn to conclude 
Me the average listening 

public does not like ‘‘ top ”’ in 
reproduced music. This is a de- 
batable point for which sufficient facts 
exist to form the basis for a serious 
argument. We think, however, 
that far more evidence must be pro- 
duced before it can seriously be 
suggested that the mass of ordinary 
listeners might prefer to have less 
“top ’? in the live performance, 


We have never encountered any 
tendency on the part of members of a 
concert audience to complain of ex- 
cessive high frequency content in the 
music, nor, for example, would the 
reception of a ‘‘ break ’’ on the solo 
trumpet by an acknowledged master 
of that instrument suggest that the 
hearers are in any way dissatisfied. 
As for the development of the violin, 
cited by your contributor in support 
of his suggestion, it is indisputable 


‘that the best violins that have ever 


been produced are those’ made by 
Stradivari, who died over two hundred 
years ago. Surely, if improvement 
of this instrument was possible or 
desirable, we should have. observed 
some indication of it in the meantime, 
particularly in view of the greater 
knowledge of acoustics and wider 
choice, of materials available in 
latter years. 


The fact of the matter is, as Mr. 
Moir, admits, that his findings are 
based on the results of listening to 
reproduced music, and we can only 
conclude, therefore, that there was 
something present in the reproduction 
which would not have appeared in the 
original, or in other words, that the 
apparatus did suffer from a form of 
distortion. We are particularly sur- 
prised to see that no mention at 
all has been made of the transient 
response characteristic of the appara- 
tus used in the experiments. It is our 
experjence that equipment which has 
been designed purely from the stand- 
point,.of achieving a good frequency 
response characteristic _can sound 
most unsatisfactory, but, to take a 


loudspeaker, one that has been de- 
signed to have a good transient 
response curve is always a good loud- 
speaker, and incidentally is found in 
the result to possess a good frequency 
response curve also. 


Finally, with regard to the function 
of the engineer, surely there can be 
no question at all that his job ideally 
is to provide perfect reproduction of 
the studio performance. In practice 
he should aim to achieve results as 
near to this as the development of his 
art will allow. | Deliberately to 
attempt anything else is to encroach 
on the territory of musicians and of 
craftsmen of musical instruments, 
but, insofar as he is handicapped, 
whether by limitations of his tech- 
n‘que, by imperfections of the mate- 
rials at his command, or by short- 
comings of the media of his calling, 
the engineer may be compelled to 
abandon his ideal. He must also be 
guided by the fact that the general 
public cannot be interested in wide 
range reproduction if this entails the 
usual disadvantages, as the human 
ear is more readily distressed by dis- 
tortion products in the higher fre- 
quency end of the spectrum than in 
any other part. This being so, a 
limited frequency range reproduced 
well will always be more generally 
acceptable than a wider range in- 
volving imperfections, and is there- 
fore permissible as a temporary 
expedient until such time as the 
imperfections can be eliminated. 


Mr. F. Slater. 


Mr. Moir’s article, while indicating 
new and interesting .lines of thought, 
left one unconvinced that the old 
ideal of perfect response had been 
fully explored in those investigations 
which he records. Much more is 
needed to be known about the equip- 
ment used. 


If, for example, the higher notes 
where allowed to radiate from one o1 
more baffle loaded speakers the 
following points could be raised. 
Baffle loaded loudspeakers focus the 
higher audio frequencies; an effect 
which is unnoticeable with the normal 


domestic receiver, but which imme- 
diately assumes a major note when 
the frequency response of the ampli- 
fier is extended. An effect which 
becomes more and more obvious as 
the response is opened up. — 
Equipment with baffle loaded 
speakers, even where three or four are 
arranged to cover a wide angle, suffer 
from this effect and the consequent 
sharply defined multiple reflexions 
which result in reduced realism. 


With two similar extended response 
amplifiers the one coupled to a baffle 
loaded speaker, the other to a horn 
loaded type it will be found that the 
high frequency beam from the former 
has a much greater relative strength, 
and a greater annoyance value. It 
also intensifies the ‘‘ point source ”’ 
impression; being, stereophonically 
less satisfactory than a baffle speaker 
coupled to an amplifier having a 
moderately restricted high frequency 
response. The horn loaded type, due 
to absence of focusing, shows none 
of the above effects when the higher 
frequencies are reproduced, 


To me the reduced stereophony due 
to point source ’’ effect, and the 
interference patterns due to high 
strength reflected beams, are as much 
a substantial form of distortion as 
those more easily measured. 


Mr. B. C. Sewell, (Gainsborough Pictures, 
Ltd.) 


Mr. Moir’s article is of great 
interest to those in the cinema 
industry who are constantly striving 
towards better standards. These 
attempts, so far as extension of fre- 
quency range is concerned, have. met 
with difficulties often ascribed to the 
prevalence of high frequency distor- 
tion factors in film recording, but 
which probably have amore funda- 
mental basis, as Mr. Moir’s evidence 
suggests. The requirement of speech 
intelligibility demands .a. certain 
minimum high frequency response, 
but this requirement is fairly easily 
met, and beyond .this point the 
criterion is that of. naturalness.” 

The evaluation of data regarding 
preference,”’ assumes a clear-cut 


- 
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distinction between the reproduced 
and directly heard performance. It 
must be assumed of critical listeners, 
including, naturally, musicians, that 
they automatically adopt a different 
set of fundamental values when 
assessing a reproduced performance 
as opposed to a “live”? one. This, 
I believe,.is because the acoustic 
coloration is so greatly modified, and 
what remains of perception of source 
direction concentrated in a point, that 
the performance has not the illusion 
of reality and cannot be judged by 
the same standards. When musicians 
prefer a reproduction characteristic 
which renders entirely unnatural 
certain orchestral components, for 
instance, cymbals and the drum and 
wire brush, or even renders them 
inaudible, it must be assumed that 
they are influenced by over-riding 
considerations of a subjective charac- 
ter. One is tempted to think that the 
table of preferences might have been 
greatly modified if the reproduction 
had been stereophonic, thus permitting 
the functioning of the normal auditory 
facility of directional perception. 


In orchestral recording it is often 
found that delicate passages, from 
wood-winds for instance, have in- 
sufficient value when reproduced 
through microphone and channel, 
although perfectly natural to a 
listener at the microphone position. 
By one means or another the sound 
energy from this section has to be 
increased. This may be the case even 
if the microphone is of a directional 
type, though more so if it is not. 
Another aspect lies in the inability of 
the listener to distinguish, spatially, 
between the direct and reflected com- 
ponents, which must lead to a 
masking tendency absent, or less 
pronounced, in the natural conditions. 


It seems as though non-aural re- 
production deprives the hearing of a 
dimension, and that, as a result, the 
listener prefers a simplification of the 
material, accommodating it to the 
narrower compass of his perceptions. 
The only non-complex sources of 
which data are given are male and 
female voices, and piano. The latter 
is not a fair test, the high frequency 
components being small, but it is 
noticeable that preference is exhibited 
for wide and medium range reproduc- 
tion for female and male voices 
respectively. In the case of the male 
voice much depends upon the repro- 
duction level. It is probable that the 
attenuation of the bass in the narrow 
range curve had a greater effect than 
the corresponding attenuation of the 


Electronic Engineering 


high frequencies, and the preference 
would have tended more towards the 
extended high frequency response if 
the bass attenuation, which is a 
normal requirement in dialogue re- 
cording and reproduction, had been 
preserved. 


Mr. F. Duerden. 


There is a certain dislike of ‘‘ top ”’ 
even when the broadcast receiver is 
not involved. It is certainly true that 
harmonic content and unpleasantness 
are closely associated; for example, 
a scream or a circular saw at work 
contain overtones, a soprano song, or 
the same saw running free contain 
sub-harmonics. 


I don’t think it is true that pure 
tones in the upper register are 
pleasant. The general rule would 
seem to be that the ear is intolerant 
of any high-pitched constant sound. 
Either sub-harmonics or frequency 
modulation are insisted upon. 


The latter introduces an interesting 
line of speculation, since the fre- 
quency modulation introduced by a 
violinist is regarded as pleasant, but 
wobble in a singer is most unpleasant. 
What is the deciding factor? 


In conclusion, I hope it will not be 
out of order to congratulate Mr. Moir 
on a stylishness above the usual level 
for technical writers, 


Mr. J. Moir (in reply). | 


I would like to thank the critics for 
their comments on the problem of 
‘* Perfect v. Pleasing Reproduction ”’ 
and [ must’say that I am rather 
‘surprised that a greater storm did not 
break over me, 

Mr. Redgrave and Mr. Slater sug- 
gest that faults in the experimental 
technique were probably responsible 
for the surprising conclusion and in 
view of the difficulties involved this 
point cannot be entirely dismissed. 
However, the engineers responsible 
were of undoubted integrity and tech- 
nical competence and I find it difficult 
to believe that they would overlook 
defects in their technique, but, and 
this is of major importance, is the 
state of our scientific knowledge such 
that we can be certain that we know 
what defects to look for? First order 


distortions are probably evaluated by 
our frequency response curves, distor- 
tion measurements and phase charac- 
teristics, but at that point we arrive 
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at the edge of an uncharted sea of 
ignorance. It is for this reason that 
the results of the violin tests were 
quoted, insofar as electro-acoustic re- 
producers were not involved in any 
way. The agreement between the 
frequency characteristic of the pre- 
ferred Stradivarius violins and the 
preferred medium range ’’ used in 
the frequency range tests is surprising, 
a point that is being further discussed 
in the May, 1947, Proc. 1.R.E. 


Thus, whether we use our electro- 
acoustic system of questionable dis- 
tortion, or musical instruments o1 
unquestionable performance, we 
arrive at substantially the same 
answer, a ‘‘ medium” frequency 
range is preferred. 


Mr. Sewell and Mr. Duerden give 
me support in my thesis, and I must 
specially thank Mr. Sewell for raising 
some points which I believe are of out- 
standing interest in explaining the 
results. Space restriction prevented 
me from dealing with possible ex- 
planation or with .the ‘‘ arguments 
against’ in the original article and 
in this respect the thesis is probably 
one-sided. 


In conclusion may I suggest that 
the idea that we ought to like wide 
range reproduction is probably based 
on the following : 


(a) Analysis of musical instrument 
has shown that they produce ‘ wide 


‘range noises.’’ 


(b) Analysis of the performance of 
the human hearing mechanism has 
shown that it can appreciate “ wide 
range noises.” 


There is no authenticated support 
for any other argument as far as I 
know and while Mr. Redgrave assumes 
that listeners are not dissatisfied with 
a “hot trumpet,’’ in the only case 
where we have measurements rather 
than assumption (the violin tests), 
listeners did in fact prefer the top 
removed. 


I doubt whether the position is as 
clear as might be wished, but if the 
article serves to shake us out of the 
complacent acceptance of previous 
explanations of the public preference 
for minimum top response it will have 
achieved its purpose, Further work 
is undoubtedly required (and is in 
progress) to confirm or contradict the 
conclusions put forward in the 
contribution. 


: 
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‘* wide B.B.C. and South African Broadcasting stations. 
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upport D.S.10 Transmitter was installed in H.M.S. Vanguard. 


r as I The results obtained on radio telephony, radio 
transmission of pictures and automatic telegraphy over 
d with long distances during the tour will be examined with 
y case keen interest by all concerned and may lead to the Srondord Rodie Type D.S.10 5 kW Transmitter—first 
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. requency range o ‘o c/s and operates on up to 
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TUBULAR 
CAPACITORS. 


** METALMITE ” (Miniature 
TUBULAR PAPER CAPACITORS 


Wkg. Volt. 
D.C. 


METALPACK ” 
UBULAR PAPER CAPACITORS 


Dimensions 
Inches Type 
No. 


Lgth.} Dia. 


F OR the ever-increasing applications where the pan 


maintenance of a high value of insulation resistance is 
of paramount importance, the T.C.C. ““ METALPACK ” 
Tropical and “ METALMITE ” Miniature Tropical types 
are indispensable. By virtue of the aluminium tube, 
hermetically sealed construction, the initial insulation is 
maintained, even under the most arduous climatic conditions. 


NNNNN — — — —— — — 


ENSER CO.,LTD.’ 


Telephone. ACORN OO6I 


| x 
° 
\ PAPER DIELECTRIC 
Toi 
citance} At | At Type | Price 
mFds. |71°C.|100°Cj Lgth.| Dia.| No. each. 
002 | 500 | | | CP.30S | 1/9d. 
005 | 500 | 350/ | .25 | CP.32S | 1/10d. 
01 | 500] | .34 | CP.33S | 1/10d. ae 
4 02 500 | 350 | It | .34 | CP.34S | 
05 500 | 350] I+ | | CP.36S | 2/Id. 
005 | 350 | 200| | .22 | CP.31N} 1/8d. 
01 350 | | .25 | CP.32N} 1/8d. 
02 | 350 | 200| | .34 | CP.33N| 1/9d. 
05 | 350 | 200] It | | CP.35Nj 2/- 
A 350 | 200} | 7/16 | CP.37N| 2/3d. 
05 | 200 | 120] 1} | .34 | CP.34H} 
Wkg. Volt. 
af Capa- D.C. List 
citance | At At Price 
each. 
19a 
1/10d. 
005 | 1000} 750 | | CP.45W) 1/10d. 
>: =| 1000} 750 | CP.45W| 1/10d. 
02 750 | 500 CP.45U | 1/10d. 
05 500 | 350 CP.45S | 2/Id. 
A 350 | 200 CP.45N | 2/Id. 
500 | 350 | CP.46S | 2/2d. 
1000 | 750 | CP.47W| 2/6d. 
350 | 200 CP.48N | 2/8d. 
25 500 | 350 CP.47S | 2/10d. 
ee 5 350 | 200 P.47N | 3/- tee 
5 500 | 350 P.9IS | 3/10d, 
350 | 200 1 |CP.9IN | 4/- 
THE TELEGRAPH 
piste 
NORTH ACTON LONDON W:3 


| 
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The Design of Tuned Transformers—Part 2 


By F. G. CLIFFORD* 


3.4 Use of Foster’s Reactance Theorem 

The derivation of the design data 
by Methods 2 and 3 may be simplified 
by using Foster’s Theorem’. By 
means of this theorem the impedances 
Zoc and Zse and Zs and Zy, used in 


Methods 2 and 3 may be expressed in ° 
terms of one element value and the, 
‘resonant frequencies of the appro- 


priate impedance-frequency character- 
istic. As an example of the use of 
Foster’s, Theorem consider. the tuned 
transformer type (4.B) shown in Fig. 
40. Using Bartlett’s Theorem, an 
equivalent symmetrical lattice -net- 
work as shown in Fig, 41 may be ob- 
tained. The impedances of the series 
and lattice arms of this network, Z,. 
and Z;, respectively, in terms of each 
element, and are :— 


| wLa(Ca + Cp) (1 — if 


1 — (1 - 
- (37) 


1. — (1 + &) 
(38) 


* P.O. Research Station, Dollis Hil 


Equation (37) indicates that Z, will 
have zero impedance at the frequency 
when 

1= + Cz) (1 — 
and infinite impedance at #,; when 
1 = (1 — 

In the same way Equation (38) shows 
that Z, will have similar frequencies 
and Reactance characteristics 
are drawn in Fig. 42 for the case of 
interest when there is one continuous 
pass band between o and o This 
case is satisfied by making o.’ equal to 
| 

When using Foster’s Theorem, the 
impedances Z, and Z;, can be written 
in terms of one circuit element and 
the frequencies ;, In terms 
of the element C, these impedances 
are :— 


I [7 
Ze = — (39) 


oC, Lo,?(w;? — 
and 
— 
Zi = -j —— (40) 


— 


] 


The remaining elements expressed 
in terms of the critical frequen¢ies and 


the element C,, by using oster’s 
Theorem are :— 

Ca=Ca (41) 
— 

| 

L£a(t + 2) & ——— 44... (43) 

| 4 ! 

— k) = +. (44) 

R 0? 


From Equations (41) and s — 
(45), 


and since o and s; are the cut-off 
frequencies, #; is the mid-band fre- 


quency of the tuned transformer. 


The remaining design information 
is obtained as follows :— 


(43). by (4) and, 


| 
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substituting from Equation (45) :— 


Ws 
but On? = = Ws 
1+k Om? 
Om? 


The image impedance 7,, may be 
obtained from Equations (39) and 
(40) :— 

I — 

oC, — 0?) 

(48) 


At the mid-band frequency corre- 
sponding to @m, Zo: is identical with 


I (@n" = ,’) 

= R, = — 

(49) 


and substituting from Equations (46) 
and (47) :— 


I 
Ry (50) 
OmC 4 I— k 


Also from Equations (41), (43), (45) 
and (47) :— 


In a similar manner using Z,: in- 
stead of Zo:, and using the elements 
Lu, Co, Cy and k, the’ remainder of 
the design data may be obtained., It 
will be seen that since a symmetrical 
lattice network is used in conjunction 
with an ideal transformer of im- 
pedance ratio 1: —, the resistors Ai 
and #: will be in the same ratio :— 


Lp 
It will be seen from this demon- 
stration that the use of Foster’s 
Theorem tends to simplify the deriva- 
tion: of the design data. When a 
large number of elements is involved 
the theorem is particularly useful. 


3.5 Relationship Between Methods 2 and 3 


It is clear that Methods 2 and 3 
differ only slightly from each other. 
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The process of applying first a short- 
circuit and then an open-circuit to the 
end of a-non-symmetrical network or 
to the centre of a bisected sym- 
metrical network (when using: Bart- 
lett’s Bisection Theorem) is essen- 
tially the same in each case. In fact 
Zsc, Method 2, is the same as the im- 
pedance of the series arm of a lattice 
network equivalent to two of the 
original non-symmetrical networks 
connected back to back. In the same 
way, Zoe corresponds to the lattice 
arm impedance for the lattice equiva- 
lent to two sections connected to- 
gether. 


Ate. 


3.6 Frequencies of | finit 


With certain types of tuned trans- 
formers, at certain frequencies the im- 
pedances Zoe Zse in Method 2, 
and Z, and Z;, in Method 3, are equal 
in value. At these frequencies, cor- 
responding to ®, a peak of insertion 
loss in the insertion loss-frequency 
characteristic is obtained. This may 
be simply explained by reference to 
the two methods, 2 and 3, used to 
obtain the required design data. With 
reference to Method 2, at the fre- 
quency corresponding to ., at which 
Zoc and Ze are equal in value, it will 
be seen that the input impedance is 
independent of the value of the load 
closing the far end of the transformer. 
This means that at this frequency no 
current can flow in the load connected 
to the output terminals of the trans- 
former when an alternating E.M.F. is 
applied to the input: terminals and the 
insertion loss of the transformer is 
therefore infinite. Alternatively, in 
the light of Section 3.5, a state of 
balance exists in the lattice equivalent 
and the loss is. therefore infinite. In 
practice, when dissipation due to 
copper and possibly iron loss is 
present, the impedances Z,- and Zse, 
which must now include the effective 
dissipation, are not quite equal at 
this frequency, and although gener- 
ally a peak of attenuation appears, 
the insertion loss is not infinite. In 
the case of Method 3 the equivalent 
lattice network obtained may be con- 
sidered as a balanced bridge at the 
frequency corresponding to @o. when 
Zs is equal to Z;, and as a conse- 
quence the insertion loss at this fre- 
quency in infinite. In practice the 
effective dissipation of the  trans- 
former must be included in the equiva- 
lent lattice network and the bridge is 
usually not quite balanced at the fre- 
quency corresponding to 0. A peak 
of attenuation is generally obtained 
at this frequency, but the insertion 
loss is not infinite, 
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The frequencies of infinite attenua- 
tion ® if present will normally be 
used as design pardmeters and may 
be introduced by utilising the Equa- 
tions Zoe = Zee Or Zs, = Zz, Which 
occur at these frequencies. 

In common with other filter net- 
works resistance compensation, e.g., 
Mason,’ may be applied to tuned 
transformers in order to compensate 
for the reduction in insertion loss at 
certain frequencies due to the effect 
of dissipation in the elements of the 
tuned transformer, but this is outside 
the scope of this article. 


4. Characteristics and Application. 


The design data and the most use- 
ful characteristics of a number of 
types of tuned transformer have been 
tabulated. In these drawings the 
lower and upper cut-off frequencies 
are shown as and respectively, 
and the frequencies at which peaks 
of insertion loss occur are shown as 
Woo. 

4.1 Effects of Changing Terminations 

The typical insertion loss character- 
istics shown are for the case when the 
values of the resistive loads between 
which the tuned transformers operate 
match the image impedances of the 
tuned transformer at the mid-band 
frequency. The shape of the insertion 
loss characteristic may be modified 
by altering the values of the resistive 
loads, and the effect of varying the 
values of the resistive loads may 
usually be obtained from an_ in- 
spection of the image impedance 
characteristics of the transformers. 
As an example, when the values 
of the resistive loads and 
R: match the image impedances at the 
mid-band frequency of the transformer 
type 2.A, the insertion loss character- 
istic is similar to that shown for this 
transformer. It will be seen from an 
inspection of the image impedance of 
the pass band of this type of trans- 
former that if the values of the resis- 
tors R; and R2 are reduced in the same 
ratio the resulting mismatch will pro- 
duce an increase in insertion loss at 
the mid-band frequency, and a larger 
increase at other frequencies, and the 
insertion loss characteristic tends to 
be more selective. If, however, the 
resistors R,; and R, are increased in 
the same ratio the mismatch will re- 
sult in an increase in insertion loss at 
the mid-band frequency, but at two 
frequencies on either side of the mid- 
band frequency the impedance will be 
matched by the resistive loads and the 
insertion loss will be zero at these two 
frequencies. The resulting insertion 
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TUNED TRANSFORMER DESIGN DATA — SHEET 4. 
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loss characteristic will therefore be of 
the well-known double-humped type. 


4.2 Typical Applications of Transformers 


Referring to the tabulated design 
data, a short description of the uses of 
some of the types of transformers 
tabulated may be of interest. 

Types (1.A) and (1.B) are simple 
band-pass transformers, usually em- 
ployed when a wide flat pass band is 
not required. Types (1.C) and (1.D) 
are simple, low- and high-pass filters. 

Tuned transformers types (2.A), 
(2.B) and (2.C) are well-known types 
of band-pass transformers. It will be 


seen from an inspection of the design 
data relating to these transformers 
that for a given co-efficient of coupling 
and a given resistive load the induc- 


tance of the series tuned windings is 
higher than that of the parallel tuned 
windings. In practice it is not desirable 
to use very large or very small values 
of inductance, and as a.consequence it 
is convenient to use type (2.A) when 
the resistive loads are large in value 
(e.g., I.F. transformers), to use type 
(2.B) when the loads are small in 
value and type (2.C) when the trans- 
former is to operate between low and 
high resistances. With co-efficienis 
of coupling greater than say o.5, trans- 
former type (2.C) has an appreciably 
wider pass band than types (2.A) and 
(2.B). 


Tuned transformer type (2.D) is of 
the all-pass type, with a pass band ex- 
tending from zero to infinite fre- 
quency, and a constant image im- 
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pedance. This transformer is usually 
employed as a ‘phase shifting network. 

Transtormers type (3-A) and (3.B) 
are believed to be novel and are of in- 
terest when a wide-band transformer 
is required with a metallic connexion 
between the input terminals in order 
that direct current may flow through 
the winding, as for example, when the 
transformer is used in the anode 
circuit of a valve. 

Transformer (3.C) is interesting as a 
band-pass transformer suitable for an 
I.F. coupling unit. The single peak 
of attenuation may be positioned at a 
frequency above or below the pass 
band. If two of these transformers 
are connected in tandem as a coupling 
device between two valves in an LF. 
amplifier, the peak of attenuation of 
one transformer may be located 
above, and the peak of attenuation of 
the other transformer may be located 
below, the pass band. The resulting 
insertion loss characteristic shows a 
pass band similar to that obtained 
with transformers type (2.A), but the 
discrimination at frequencies outside 
the pass band and adjacent to the cut- 
off frequencies is improved. If the 
bridging condensers of such a pair of 


transformers are replaced by a single _ 


differential variable condenser of 
suitable value, one half of this con- 
denser being used for one transformer 
and the other half for the other trans- 
former, a simple band-pass filter with 
variable selectivity will result. As 
the bridging capacitance of one trans- 
former is increased in value by means 
of the differential condenser, the value 
of the bridging capacitance of the 
other transformer will be reduced and 
the positions of the peaks of attenua- 
tion which are controlled by these 
capacitances will be moved nearer to, 
or further from, the pass band. The 
selectivity of the filter will therefore 
be increased or decreased. 


The performance of transformer 
(3D) is similar to that of type (3.C) 
and may be considered as the- series 
tuned equivalent. Types (3.E) and 
(3.F) are efficient types of low- and 
high-pass filters. Transformers types 
(4.A) and (4.B)® are used when a wide 
flat pass band is required. For a given 
co-efficient of coupling the pass band 
of these transformers is wider than 
that of any of the other transformers 
described in this article. 


4.3 Allowance for Dissipation and 
Capacitance 

When obtaining the design data for 
the various types of tuned trans- 
formers, the elements are assumed to 
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be without dissipation. In practice, 
dissipation, due to copper and possibly 
iron loss, 1s present and will modify 
the insertion loss characteristics, In 
some transformers, e.g., types (2.A) 
and (2.B), dissipation present in the 
circuit elements may be considered to 
be represented as a resistor connected 
in series or in shunt with ideal com- 
ponents. Thus, if in type (2.B) the 
series resistance due to dissipation in 
L4C, is r at the mid-band frequency 
this may be allowed for by reducing 
k, by the amount 7. Similar allow- 
ance may be made in the case of the 
shunt terminated transformer, type 
(2.A). The allowance, of course, is 
ssaniiiiiats only and will vary with 
frequency. 

Capacitance in the terminations 
may be allowed for by making com- 
pensating changes to the elements 
forming the transformer. Thus type 
(2.A), used between terminations /: 
and &,, which themselves have capaci- 
tance connected across them, would 
compensate if C, and Cg were suit- 
ably diminished in value. 

Capacitance in the windings, which 
are series tuned, introduces an un- 
wanted element which may, in some 
application, require compensation. 
This cannot always be done. Norton® 
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shows how correction can be made for 
inductor self-capacitance in the case 
of transformers of type (4.B). Where 
self-capacitance is likely to introduce 
difficulty, transformers of this type, 
or a type with design capacitance 
across One winding, e.g., type (2.B), 
should be used, 
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A Substitute for Nickel 
in Radio Valves 


The Telefunken Co. have success- 
fully developed a substitute for nickel 
in radio valve electrodes which is 
claimed to have many superior proper- 
ties. This is a _ specially coated 
aluminium-iron sheet free from 
zinc. Its outstanding characteristic 
is that the surface changes from nor- 
mal aluminium brightness to a dull 
dark grey on heating to 600° C, in 
vacuo, and this surface is an excellent 
radiator, comparable with the black- 
ened surfaces at present in use, 


In the process gas is absorbed rather 
than liberated, owing to the roughen- 
ing of the surface. The metal cannot 
be used’ with evaporated cathodes 
owing to risk of contamination of the 
barium with aluminium in the pres- 
ence of H compounds. The Al layer 
is approximately 0.01 mm, thick and 
is coated by a cold rolling process. 


—Report on New Vacuum Tube 
Techniques (Fiat No. 500), H.M. 
Stationery Office. 


with the following 
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RESISTING @ MANUFACTURED TO CLOSE TOLERANCES @ 
NON-TRACKING @ RESISTANT TO FUNGUS GROWTH @ 


WILL NOT SHRINK OR WARP 


CO-EFFICIENT 
MACHINED OR MOULDED OR AVAILABLE IN 


HEETS AND R 


Also makers of INGRAM- iiiiata Capacitors one MYCALEX as a dielectric with 


plates moulded in, to form a sealed unit. 
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ASHCROFT ROAD, CIRENCESTER, GLOS. 
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Methods 
of 
Radio 


Production 


Institution of Radio Engineers on 

February 20, Mr. J. A. Sargrove 
described a new system for the mass 
production of fadio receivers and 
electronic apparatus, ; 

The difficulties in“the technique at 
present employed in the production 
of radio receivers and amplifiers are 
well-known, and several attempts 
have been made to simplify the 
assembly work by the use of metal 
deposited on an insulating base to 
replace wiring connexions and certain 
components. Prior to the war the use 
of metal sprayed thtough stencils was 
in vogue both in Germany and other 
countries. 


|: a paper read before the British 


described 
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Automatic Electronic Circuit- 


making Equipment designed by 


Mr. J. A. Sargrove 


Above : The complete assembly equip- 
ment for mass production of receivers. 
Left : (1) The moulding prior to metal 


spraying. 


) The moulding sprayed 


all over with zinc. (3) The top surface 
of the metal is ground off, leaving the 
grooves and depressions filled in with 


metal. 


Mr. Sargrove’s method, however, 
differs notably from any previously 
in that the metal is de- 
posited in grooves and depressions on 
pre-formed plastic plates (see illus- 
tration). After passing through an 
electronically controlled production 
machine, the mouldings emerge com- 
plete with inductances, fixed and 
variable capacitors, resistors, and the 
necessary conductors all in continuous 
relation to one another. The circuit 
is thus completely reproduced with 
the exception of the valves, loud- 
speaker and electrolytic capacitors, 
in the case of a radio receiver. 

The method. not only reduces 
manual .labour to a minimum, but 


(4) The finished plate with a 
protective coating. 


can be equally well applied to the 
mass production of any electronic 
apparatus or allied product. 

The photographs above show the 
complete mass production plant in- 
stalled, and one of the plate units 
comprising the receiver. 

The plate is fed into the processing 
equipment at the near end and each 
stage in the treatment is automatically 
controlled. 

The lower illustration shows a 
plastic pressing in various stages of 
treatment. The inductance is cut in 
the form of a spiral groove, similar to 
that of a gramophone record, which 
is filled in by the metal deposit. The 
surplus metal is ground off (Fig. 3) 
and the remaining metal is given a 
coat of protective lacquer. Several 
such plates form the receiver assem- 
bly, the inter-connexions being made 
by the metal spacing rods which hold 
them together. 
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@ The remarkable power factor and out- 
standing electrical insulating properties of 
“ DISTRENE” Regd. brand Polystyrene have 
long been recognised by the electrical, radio, 
and television industries. DISTRENE has a 
power factor of 0°0002-0'0004 which together 
with its negligible water absorption, has made 
possible the manufacture of equipment and 
apparatus not hitherto considered feasible. Its 
use in Radar equipment was a notable war-time 
achievement. Now DISTRENE Foil is available 
for developments in expanding peace-time 
industry. 

DISTRENE FOIL (Orientated Polystyrene 
Foil) is a plastic material endowed, as a result 
of molecular control during manufacture, with 
ten times the normal flexibility of ordinary 
Polystyrene film. It is supplied in spools of 
approximately 800 ft. lengths, from §” up to 13” 
in width, and in thicknesses from }/1000" to 
6/1000”. Even in the thinnest dimensions this 
foil possesses a tensile strength of up to 10,000 lbs. 
to the square inch, and has the same superb 
electrical properties of Polystyrene mouldings 
and extrusions. A vast number of products and 
techniques awaits its use. Send for samples and 
further information. 


MG 
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HIGHAM STATION AVENUE LONDON 
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A Transmission Measuring Set for 0.1 to | Ic/s 


Part 2—Circuit Details 


By J. E. BRYDEN, A.M.Brit.!.R.E., Grad.1.E.E. 


The Oscillator (Fig. 4) 
HE resistance capacity oscilla- 
is the most satisfactory 
electronic method for generat- 
ing frequencies below 10 c/s. 
Basically it consists of a closed loop 
in which the overall gain is unity and 
the phase shift 2.2.7 radians at the 
frequency of oscillation, where x is an 
integer, At other frequencies the 
effective gain for the in-phase feed- 
back component must be less than 
unity. The gain of the amplifiers 
must compensate for the losses of the 
phase shifting networks, and remain 
very stable if the amplitude of oscil- 
lation is to be maintained reasonably 
constant without resort to excessive 
amplitude distortion. Gain stabilisa- 
tion by auxiliary circuits does not 
appear to be a practical proposition 
at these frequencies owing to the long 
time intervals involved. Variations 
due to changing valve characteristics 
may be reduced by negative feedback, 
and ensuring that the phase shifting 
circuits are fed from an anode load 
resistance which is small compared 
with the slope impedance of the 
valve. 
The van der Pol three-stage 
oscillator with three 60° phase 
advancing networks is used because 
it can provide a three phase output. 
This unit includes ViA, ViB and 
ViC in Fig. 4. If the three stages 
are identical the total anode supply 
current will contain no alternating 
component, this avoids decoupling 
circuits with large time constants. 
In order to use a low value of anode 
load resistance a valve with high 
mutual conductance is required. An 
SP41 has suitable characteristics, and 
about 20 per cent. negative feedback 
is obtained from the automatic bias 
resistors in the cathode circuits. For 
a given voltage gain this method of 
feedback increases the anode circuit 
impedance; this is undesirable but 
insignificant in this case as the anode 
resistance is less than 1 per’cent. of 
the impedance of the phase-shifting 
network. As the voltage output of 
the oscillator is small and direct 
coupling to the output stage is used, 
it is essential to minimise drift caused 
by changes in grid voltage. The grid 
current of an SP41 was found to be 
about 50 “A with — }-volt grid bias 


FLOATING 130v 


« 


FLOATING 


Fig. 4. Circuit diagram of the oscillator. — VI SP4I (6.3 volt filament). 
Note.—in all circuit diagrams the figures in circles (eg, ©) show the inter-connexion points between 
various units. 
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and slightly less than 1 “A with — 1- 
volt grid bias. These currents are 
roughly doubled or halved for a 5 
per cent. rise or fall in filament 
voltage. The effects are least with 
high-negative grid bias and low 
resistance between grid and cathode. 
As this resistance forms part of the 
phase-shifting network and for a 
given frequency the value of the 
capacitance is inversely proportional 
to the resistance, a compromise must 
be made between the unwanted grid 
voltage due to grid current and the 
size of the capacitor. The capacitor 
must have a very high value of 
leakage resistance to avoid a positive 
voltage being developed across the 
grid resistor. 


The frequency of oscillation } 1s 
given by: 
I 
= —————- ‘c/s. 
2V3.7.C.R 


where C is the coupling capacitance 
in Farads, C1A, C18 or CiC 
R is the grid-cathode resist- 
ance in ohms. 4A + P3A, 
R4B + P3B or R4C + P3C. 
It is approximately g2X and 
is adjusted when the instru- 
ment is calibrated for fre- 
quency. 

Frequency is adjusted by varying 
the capacitances C1A, C18 and 
This maintains a constant impedance 
phase shifting network and results in 
the oscillator behaving in the same 
way over the whole frequency range. 
The method of switching the capaci- 
tors is given in Table I; the same 
switches control C2A and C2# of the 
amplitude indicator unit. Each am- 
plifier must have a gain of two to 
compensate for the loss of the phase- 
shifting network. This is obtained 
by adjusting the preset potentio- 
meters P1A, P1B and PiC. In prac- 
tice it has been found satisfactory to 
adjust each of these controls for a 
D.c. potential of 3.9 volts between 
each of the test points 71, 72 and 73, 
and the common point 7C, using a 
5,000 ohm meter load. Owing to 
long leads to the tuning condenser 
pack there may be a tendency to 
parasitic oscillation. This may be 
prevented hy connecting 0.1 #F con- 
densers between the negative line and 
one or more of the anodes of the 
oscillator valves. This condenser has 
negligible effect on the normal action 
of the oscillator. 


For phase measurements the three- 
phase output from the oscillator is 
connected to the deflection amplifiers. 
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Table !.—Details of the tuning Refer-. 
ences correspond to Fig. 4 


UNITS DECADE 


1.0 WF; C74 0.5 C75 0.25 

c/s Capacitance Connexions 
0 short circuit Cc 
1.00 
2.00 0.500 Cc B 
3.00 0.333 ; B 
4.00 0.250 oD E 
5.00 0.200 
6.00 0.167 A D 
7.00 0.143 A B 
8.00 0.125 F B 
9.00 r F E 
10.0 0.100 A E 


TENTHS DECADE 
All capacitance values ten times above values 


c/s Capacitance Connexions 
0.10 10.0 Cc D 
0.20 5.00 c B 
0.30 3.33 D B 
0.40 2.50 Oo E 
0.50 2.00 D F 
0.60 1.67 © A D 
0.70 1.43 A B 
0.80 1.25 F 8 
0.90 Lil F E 
1.00 1.00 A E 

The tenths and units decade 


capacitances are connected in series 
to form the tuning capacitances C14, 
CiB and CiC.. C2A and C28 are 
produced in a similar manner, but all 
the capacitors are half the above 
values. 


Accuracy. of values: 


C1 components + 1 per cent. 
C2 components + 2 per cent. 


Table 2.—Table for calibrating the attenuator in 
decibels from resi values. 


Loss of Loss of 

circuit |Resistance circuit |Resistance 

on test | in ohms on test in ohms 

in db. in db. 

1,674 7.5 7,921 
3,340 8.0 8,390 
0.5 3,537 8.5 8,887 
1.0 3,747 9.0 9,413 
1.5 968 9.5 9,972 
2.0 4,205 10.0 10,560 
2.5 4,454 10.5 11,190 
3.0 4,718 11.0 11,850 
3.5 4,997 11.5 12,550 
4.0 5,294 12.0 13,300 
45 5,607 12.5 14,090 
5.0 5,940 13.0 14,920 
5.5 6,291 $3.5 15,800 
6.0 6,648 14.0 16,740 
6.5 7,043 14.5 17,730 
7.0 7,477 15.0 18,780 


This is measured between the point 


common to both units of the ganged. 


potentiometers and either slider. 
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By the resistance network shown in 
Fig. 5, the three-phase currents also 
are used to obtain a balanced voltage 
which can be varied by a pair of 
«ganged potentiometers, and a neutral 
point. There must be no A.c. between 
F and the H.T. negative line. For 
all settings of the ganged potentio- 
meters the alternating voltage be- 
tween £ and Vi must be equal in 
amplitude, and opposite in phase, to 
the voltage between F and V1F. This 
is obtained by mechanical alignment 
of the potentiometers and identical 
voltages between CF and FG. As D 
must be at the same potential as F, 
consider these points connected 
together. Assume that the preset 
potentiometer P is at its mid position. 
The voltage e, developed across FC 
by generator 3 may be calculated if 
generator 2 is short-circuited. 


Rs 
.E.sin (wt + 120°) 


a= 
+ Ri 
= 0.374.E.sin(wt + 120°) 


Similarly, the voltage due to genera- 
tor 2 is: 


é2 = 0.374-E.sin(wt +° 240°). 
The resultant voltage due to the two 
generators is: 


€: + é: = 0.374.E.sin(wt + 180°). 


In order to obtain the same peak 
voltage between G and F, RR: should 
be. 33,500 ohm. ..The potentiometer P 
provides adjustment of the phase of 
the: voltage across The- controls 
P and Q are adjusted for minimum 
alternating voltage between F and D, 
this. accommodates circuit imaccura- 
cies. The ganged potentiometers are 
used as an. attenuator and may be 
calibrated .from -resistance values, as 
given in Table II. The loss of the 
circuit-under-test is read from this 
attenuator. 


The Output Stage 


This is’‘a buffer stage between 
the oscillator and the sEND 
terminals, and provides a low 


‘output impedance. In -addition it 
‘must maintain the level of the nega- 
‘tive line of the supply, relative to the 
EARTH. terminal, at a value which is 
‘determined by the anode potential 
of the oscillator valves, In Fig. 6 
ViD and ViF are two cathode fol- 
lowers, to. handle the. bakanced a\c. 
voltages from, the attenuator.and to 
‘provide the output for the and # 
términals respectively. .V1E is con- 
nécted to the neutral point bet\veen the 
ganged potentiometers, this is shown 
at ® in Figs, 4 and 6. The purpdse 
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Fig. 6. Circuit diagram of the output stage. 
Vi SP41 (6.3 volt filament). 


of this stage is to maintain the level 
of the neutral point close to that of 
the earth line. The error, which is 
the control-grid to cathode voltage, 
is the same as for ViD and ViF. 
Thus the sending terminals A, & and 
B are all at the same steady potential. 
The effective output impedance of 
each cathode follower is about 150 
ohm. ‘The voltage drop across the 
cathode resistors is about 130 volts 
and the control grids are approxi- 
mately 14 volts negative with respect 
to the cathodes. In order to cope 
with differences between valves, the 
screens of Vi) and ViF are fed 
through preset resistances. If a 
pentode is connected as a cathode 
follower and _ the voltage drop 
across the cathode resistor is large 
compared with the control grid bias, 
the anode current is almost com- 
pletely determined by this resistor. 
If the screen potential is varied, the 
grid bias will tend to maintain this 
anode current, and as will be seen 
from Table III the mutual con- 
ductance will remain approximately 
constant. Since the mean grid voltage 
is fixed, a change in screen voltage 
causes a small change in cathode 
potential, and by this means the 
cathode potentials of Vi) and ViF 
are made equal to that of Vi£. After 
about five minutes for warming up 
has been allowed the system appears 
to be stable to. within 0.05 volts, 


The Deflection Amplifier (Fig.7) 


This.is a three-phase amplifier; for 
supplying the deflector coils with A.c. 


Fig.7. Circuit diagram of deflection amplifier. 
V2 6AC7. 


Table 3.—Effect of varying the screen voltage of 
an average Type SP41 valve while maintaining an 
approximately constant cathode current of 10.5 mA. 
; Anode voltage, 200 volts. 


Mutual 
Screen Grid conductance 
volts volts -ve mA/V 
150 1.25 7.5 
175 1.6 7.5 
200 1.9 7.5 


of adequate amplitude for a circular 
trace of the full diameter of the 
cathode-ray tube. When amplitude 
measurements are being made the 
input three-phase voltage is taken 
from the amplitude indicator; for 
phase measurements it is taken from 
the oscillator. As unit construction 
is used, a relay changes over the con- 
nexions. This avoids long grid leads, 
but is not essential. The amplitudes 
of the three-phase voltages from the 
oscillator can be adjusted by P11, 
and until a circular trace 
is produced with the locus of the spot 
close to the phase scale. If the ‘three 
potentiometers are equal in. resistance, 
the common point will be neutral. 
With three-phase voltages of. equal 
amplitude applied to the grids of 
V2A, V2B arid V2C the instantaneous 
sum of the alternating components in 
the cathode circuits will be zero. For 
the alternating voltages there is no 
loss in ‘sensitivity due’ to feedback 
across R35A. For the mean ‘potential 
at the cathode end of #35A these 
valves behave as one cathode follower 
stage consisting of the three valves 
in parallel. The circuit is therefore 
capable. of accommodating ‘the small 


difference in potential that exists be- 
tween the output of the oscillator and 
the indicator unit. P5A, P58 and Ps5C 
provide a small control of the bias 
for the valves, This allows adjust- 
ment of the steady anode current for 
shift purposes to make the trace con- 
centric with the datum circle and 
phase scale. Two of these preset 
controls are mounted on the panel. 

The deflector coils for each phase 
consist of a pair of coils mounted 
diametrically opposite on the neck of 
the cathode-ray tube. The axes of 
the pairs of coils are angularly dis- 
placed by 120° in the same plane, 
which is normal to the undeflected 
direction ‘of the beam. Each coil 
consists of 1,290 turns of 38 S.W.G. 
enamel-covered copper wire wound in 
rectangular form of mean dimen- 
sions, 2.4 in. by 2.4 in. The resistance 
of each pair of coils is 860 ohm. 


The Amplitude Indicator 

The principles of this unit have 
been described in Part 1, and the 
complete circuit is shown in Fig, 8. 
The unbalanced voltage appearing . 
between the EARTH terminal and either 
the A or B, SEND or RECEIVE terminals, 
is connected to the AMPLITUDE poten- 
tiometer. The alternating voltage 
between the earth line and the slider 
of this control provides. phase 1 and 
the input to V2‘, which makes good 
the loss in the first 60° phase advanc- 
ing network.- Phase 2 voltage and 
the input to V2G, which makes good 
the loss in the second 60° phase ad- 
vancing network, is taken from a 
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Capacitors 

Cc, j See Table | for detail 

Cc, See Table | for detail 

Cc, Oo, Bakelite moulded mica 350 V. 
Ce Leakage resistance > 500 meg. 
C, O.5puF Paper, non-inductive 200 V. 
Cc, O0.5uF Paper, oil-immersed 2,000 V. 
C, SyuF. Electrolytic, dry 100 V. peak 
O.tpF. Paper, (see text) 350 V. 
Cy 4uF. Paper ... ... 500 V. 
Cre Sap. Electrolytic, d --- 500 V. 
Cy O.5uF. Paper, oil-immersed 2,000 V. 
Cis ditto 

Resistors 

R, 47ohm  Carbon,t5% ... 1 W. 
R, 4500hm W.W., card,+10% 20 mA. 
R, 47K Carbon,-+-20% 

R, 87K W.W., opposed sections, -|- 3% 
Rs 166 ohm W.W., bifilar, +2% 20 mA. 
Re '00ohm Carbon,+10%  ... 1 W. 
R, Carbon,+-5% vip 

R, 10K Wire wound,-}-20% 

25K ditto 

Rie 302 ohm Wire wound, card, ... +3% 
Ry 22Meg. Carbon,+20% ... |W. 
Rig 25 0hm Wire wound, -++-20% 20 mA. 
Riz 80 ohm Wire wound,-+-5% 40 mA. 
Ry 5K W.W., vitreous,-+ 10% 10 W. 
Ry 200K Carbon,+20%  ... W. 
Ry 33K Carbon,+-10% |W. 
Riz 100K W.W., opposed sections,-}- 10% 
Rie 75K W.W., opposed sections, -}- 10% 
Rig 120 ohm Carbon,-+ 10% 
22K Carbon,-}-20% A 
Ry, 220K Carbon, -++-20%, 2 off | W. 
Ry 100K Carbon,+20% ... |W. 
Ry 4.7K Carbon,-}-20% IW. 
Ry 33K ditto 1 Ww. 
Rg 220K ditto +W. 
Ree 10 Meg. Carbon,-++-20%, 3 off in 

series Iw. 

Rey 2.2Meg. Carbon, ... W. 
Rye 47K ditto 3 W. 
10K ditto 
=| Meg. ditto 
Ry, 47K ditto 
Rau ditto iw. 
Ry 22K ditto Ww. 

23K. Wire vitreous,+5% 10 W. 
Ry 3K W.W., vitreous -}+-20% 20 W. 
Rye 27K W.W., opposed sections, -}- 10% 
Ryy 10K W.W., vitreous -++- 10% | W. 


COMPONENT VALUES 
(Figures 4, 6, 7, 8, 9, 10 and 12) 


Wire wound, linear, preset 
KK ditto 
«10K ditto 
P4 «25K ditto 
P5 500hm ditto 
P6 20K Wire wound, precision, ganged 
P7 Wire wound, tinear 
P8 20K Carbon, highly insu- 
lated spindle 
P9 250K Carbon, highly insu- 
lated, spindle 
PIO 10K Wire wound, linear, preset 
Pll SOK Carbon, linear, preset 
Inductors 
Li ISH Choke, smoothing ... 100 mA 
Switch Position Sets Closed 
S! Set amplitude ABEGH 
Set phase ABF 
Set loss CDEGH 
Read phase CDF 
$2 Test A-E circuit | AC 
Test B-E circuit BD 
$3 Off 
On A 
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&% TO DEFLECTION AMPLIFIER 


The Amplitude Indicator circuit and phase “flasher ’”’. 


A: 4,0000hm Type 3,000 Relay, 3 change-over sets 
with high insulation. V2 6AC7. 


SI: 5-pole, 4-way, one bank (SIG 
v3 EASO ) 


RIOA 
ds 


FLOATING 320v 9 
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AAA 


RIG 
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tapping on the resistance. Phase 3 
voltage is taken from a tapping on 
the resistance of the second phase 
shifting network. The gain of the 
valve amplifier circuits is adjusted by 
the preset potentiometers P22 and 
P2C, to obtain a circular trace. The 
two phase shifting networks are 
similar to those employed in the 
oscillator, except for the impedance 
being doubled, and the capacitors 
having a greater tolerance. The 


phase shifting network resistances, 
R17A+R18A+P4C and Rk17B+R188 
+ P4D, are adjusted to 184X. 


Circuit for driving the phase “‘ flasher ’’ relay 
B: 950 ohm High speed telegraph C.T. relay, type 299 $2: 


2 pole, 2-way Switch V2 6AC7. 


The Phase Indicator 

This unit consists of two circuits. 
The first provides a balanced current 
for operating a differentially-wound 
polarised relay. The second circuit 
provides a positive pulse with respect 
to the earth line, while the tongue of 
the relay travels from one contact 
to the other, in one direction only. 

The circuit for driving the relay is 
shown in Fig, 9. The bias for the 
valves V2D and V2E is determined 
by the common cathode: resistance 
R13A together with R12A for V2D 
and PsD for V2E. PsD provides 
adjustment to obtain equal mean 
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Fig. 11. Photograph of the panel of the Transmission Measuring Set. Two datum circles have been marked on the cathode ray 
tube window. The outer circle of radius of 1.5 cm. is normally used, but the inner circle accommodates cases of insufficient 


sensitivity when 300 ohm. unbalanced circuits are being tested. 


anode currents for both valves, and 
is set to avoid the centre of the 
* flash ’’ moving when the amplitude 
is changed. Most of the bias is ob- 
tained from the common cathode 
resistor 413A in order to keep the 
sensitivity of the unit as high as 
possible. To ensure stability of 
operation it is necessary to remove 
steady potential differences from the 
input to the amplifier, as the relay 
operates with instantaneous input 
voltages of the order of 1/30 volts. 
Hence the blocking capacitors C4A 
and C48 together with the grid leaks 
RiiA and Ri1B are included. The 
potential at the cathode end of R144 
is approximately equal to that of the 
earth line. This reduces the effects 
of leakage across the capacitors. 
Using these symbols: 

V = the input voltage to the unit. 

#= the amplification factor of 

V2D and V2E. 
= the impedance of V2D and 
the resistance of R14A. 
the change in anode current 
of V2D due to 1. 
iz = the change in anode current 

of V2E due to 1. 
can be shown that 
+ R + wR) 


Ra 


= 
Ri(Ra + 2h + 2.6.2) 
and 
— + wR) 


Ri(Ra + 2R + 2.u. 

Since 4.2 is approximately equal to 
40R,, i: is almost equal to — iz. The 
Steady anode currents produce op- 
posing fields which cancel in the 
relay. 

In Fig. 8 the junction of R28A and 
R29A is approximately 50 volts posi- 
tive to the earth line. The action of the 
circuit for producing the positive going 
pulse will be considered commencing 

with the relay tongue at the Mark 


contact. The condenser Cs5A charges 
through #32A and V3A. As this con- 
denser must become almost fully 
charged in less than half a period 
at 11 c/s., the time constant is made 
about 10 milliseconds. , While the 
tongue travels from the Mark to the 
Space contact, C5A _ discharges 
through + R31A + k32A. The 
time constant must be long enough to 
sustain a pulse for the duration of the 
longest required beam release period, 
which is about } sec. The transient 
current through 30A causes a posi- 
tive going pulse at the switch S1/, 
with respect to the earth line. When 
the tongue makes with the Space 
contact, C5A is discharged through 
Rk32A; the’ time constant is small 
compared with half a period at 
11 c/s. While the tongue is travelling 
from the Space to the Mark contact 
there is no appreciable change in the 
circuit conditions as V3A will be 


conductive. R27A is included to 
maintain one plate of the blocking 
condenser at approximately earth 
line potential, and is mounted on the 
cathode-ray tube chassis. S1F dis- 
connects the pulse-producing circuit, 
and S1£ short circuits the output 
during amplitude measurements. The 
beam is released by the potential 
difference across the cathode-ray tube 
grid-leak due to the resistance R26A 
between the earth line and the grid. 
This resistance is brought into cir- 
cuit when S1G is closed. 


Power Supplies (Figs. 10 and 12) 


The cathode-ray tube power 
supply is conventional. Owing 
to a small amount of ripple 
remaining across the last smoothing 
condenser C12B, it is necessary to 
maintain a high impedance between 
the grid of the cathode-ray tube and 
the earth line to avoid brightness 


Fig. 10. Power supply. 
PLI 6 V. Pilot lamp 0.06 A BIB 230 V. Metal filament lamp 15 W. MRI Westinghouse JI76 2 mA. 
V4 - 5Z4G. - $130. 
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A photograph which requires no title. Reproduced from the actual card placed in front of the Emitron before each trans- 
mission, this gives a guide to the correct setting of receiver controls. The lines in the centre of the circle are resolvable 
with a bandwidth in the receiver of 2} Mc/s. 


Vi 
( 


modulation due to this ripple. Hence 
C6A is disconnected by S1¥ when 
S1E is closed for amplitude measure- 
ments. When making phase measure- 
ments the defect is not apparent. 

The amplitude indicator unit re- 
quires a highly smoothed H.T. sup- 
ply. This is obtained from full-wave 
rectified A.C., smoothed and followed 
by a voltage stabiliser V52. The 
H.T. voltage is about 130 volts. This 
same supply provides the current for 
operating the relay A and the pulse- 
producing circuit. (Fig. 10.) 

All the remaining stages of the 
instrument are supplied from the 
transformer 714A. The supply (Fig. 12) 
is floating with respect to the earth 
line. V1Z (Fig. 6) maintains a potential 
difference between the negative line 


and the earth line for reasons 
previously described. If there is 
any ripple between these two lines 
due to leakage between the windings 
of Z1A and earth it will become 
superimposed on the output of the 
oscillator at the SEND terminals. This 
is evaded by completely screening the 
H.T. winding and connecting this 


screen to the negative line. The 
supply for the oscillator is stabilised 
at about 130 volts. 

The primary windings of both 
transformers are screened. These 
screens and the cores are connected 
to the earth line. This makes the 
instrument independent of supply 
mains and external earth conditions. 


Fig. 12. Floating power 
supply. The transformer is 
double screened. 


V4 5Z4G, V5 $130. 
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Shake as much as you like and 
as long as you like. You won’t 
shake a Spire fixing loose — it’s 
double-locked. When the screw or bolt is 
screwed into the Spire Fix the two prongs 
close and grip the thread. Then the arched 
base is compressed making a self-energised 
spring lock which still further tightens the 
grip on the thread. A Spire Fix holds just as 
tightly on an unthreaded stud. Spire fixings 
are light and simple but they are strong 
medicine. Can we make up a “ prescription” 
for any of your light assembly problems ? 


Regd. 


¥% A BETTER way of fixing 


THAT’S fixed THAT! 


A Boiler maker uses this Spire fixing. 3/16” studs are 
electrically welded to the exterior of boiler plates ; 
asbestos sheets are pierced and placed over the pins ; 
next a mild steel washer, and then the Spire Fix 
No. SV1628 is pushed quickly 
down the stud to make a snug 
assembly which will hold for 
ever and a day but is sufficiently 
elastic to ensure that the asbestos 
sheets do not crack. All assembly 
is carried out from the exterior 
—a_ material saving in time 
and cost. 


SIMMONDS AEROCESSORIES, LIMITED 


C.R.C.10 
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PLOTTING THE COURSE 
IN TOMORROW'S WORLD 


the tradition of meticulous workmanship in wireless 


communications apparatus. Wan 

New problems have been met as they have arisen” <— 
by a team of experts with all the experience of a 
pioneer organisation behind them. Still newer problems 
are now arising in a post-war world. These too will 
be handled with the same resourceful skill. Whatever 
the demands of a new age — you know where you are 


with Marconi. (Ss 


e 
Mai CONT THE GREATEST NAME IN WIRELESS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD * THE MARCONI INTERNATIONAL MARINE COMMUNICATION 
COMPANY LTD + MARCONI HOUSE, CHELMSFORD, ESSEX 


In the world of tomorrow, as in the world of 


35mm, Camera (cover 
removed). Used with 
standard oscillograph, 
in the investigation of 
vibration, stresses, dim- 


ROTARY SWITCH 


Anew, heavy-duty 30 amp. switch of robust construction suit- 
able for multi-circuit operations and capable of giving a long 
and trouble-free life. Can be built up into 1, 2, 3, 4 or 5-cell 


units providing a large range of contact combinations. 
Send for folder giving full particulars. 


Design, Development and Manufacture of 


Made by 
AUSTINLITE LTD. A 
(Department J). é 

LIGHTHOUSE WORKS 


SMETHWICK PRODUCT Optical Mechanical Electrical Instruments 
BIRMINGHAM 


(Lroprietors: CHANCE BROTHERS LTD.) 


AVIMO LTD. TAUNTON, ENGLAND. Tel. 3634. Grams.‘Avimo 
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The R.C.M.F. 
Exhibition 


Electronic Engineering 


A preliminary review of some of the radio and electronic 
components shown at the Radio Component Manufacturers’ 
Exhibition held at the New Horticultural Hall on March 10-13. 


Seven New Test Instruments 
Circuit Analyser 

This instrument (model 20A) is designed 
for checking radio receivers by following 
the signal throughout the receiver. The 
instrument is supplied with a probe fitted 
with a miniature detector valve, and this 
is coupled by a flexible lead to the instru- 
ment which includes an audio amplifier 
and loud speaker. A magic eye is also 
fitted for checking the R.F. oscillator stage 
in superheterodyne receivers. A separate 
test lead is used for all audio tests using 
the internal audio amplifier and speaker. 
A.Vv.c. can be checked by use of the 
the magic eye, and arrangements have 
also been made for the internal speaker 
to be used separately, with or without its 
input transformer. Price £15 15s. A.C. 
mains operated, 

Cathode Ray Oscillograph 

Operating from a.c. mains, and using 
a 33 in. tube. The instrument is provided 
with an amplifier for the vertical input 
and a horizontal linear time base is pro- 
vided covering the range from 10-10,000 
cycles. Provision is made for synchron- 
ising this either from the vertical input, 
50 cycles mains, or from an_ external 
source. The vertical and horizontal plates 
are accessible from the back of the in- 
strument, and they can be coupled direct 
for any special test. Price £27 10s. 
(Model 30A). 

Universal Meter 

This is a 50 range meter covering up 
to 1,000 volts A.c. or D.c. at 1,000 ohms 
per volt. Current ranges are from 1 milli- 
amp. full scale to 5 amps., both a.c. and 
p.c. Resistance measurements are also 
available from 1 ohm to 1 megohm with 
internal battery, and a buzzer is also 
fitted internally for continuity _ tests. 
Price 410 10s. (Model 70A), 

The Model 75A. 

Is similar to model 70A, except that all 
voltage ranges are at 20,000 ohms per volt 
A.C, or D.c. and resistance measurements 
on this instrument are up to 10 megohms 
with internal battery. Price £14 14s. 
Resistance and Capacity Bridge 

Operated from a.c. mains giving 
accurate readings of resistance and 
capacity. Seven resistance ranges cover- 
ing from o.1 ohm to 12 megohms and 
seven capacity ranges covering from .oo001 
to 1,200 wF. On each range there is a 
power factor control which gives readings 
up to 50 per cent. power factor. The 


Photograph of Taylor 
Model 20A_ circuit 
analyser (see col. i). 


instrument is fitted with a universal scale 
reading o-12. There is in addition a leak- 
age test for paper or mica condensers 
giving indications of leakage up to 1,000 
megohms. Price £14 14s, (Model 110B). 
Insulation and Continuity Checker 
This instrument is_a.c. mains operated. 
The meter has two scales, one reading 
from 0-100,000 ohms having a centre scale 
reading of approximately 1,000 ohms, and 
a second scale reading from o-1,00 meg- 
ohms with a centre scale reading at 
approximately 10 megohms. Maximum 
test voltage on the high range is 500 D.c. 
Price £15 15s, (Model 130A). 
High Range Megohmmeter 
Covering from 20,000 ohms to 50,000 
megohms in four ranges. The instrument 
is A.c. mains operated, and has a 4 in. 
meter scale calibrated 0-50 megohms, and 
the multiplier switch giving a choice of 
four ranges, x1, x10, x100, x 1,000 
respectively. Price £:29. (Model 200A). 
Taylor Electrical Instruments Ltd., 
419/424, Montrose Avenue, 
Slough, Bucks. 


Radio Components 
Hermetically Sealed Transformers 

Developed to operate consistently under 
the most abnormal conditions, Parmeko 
hermetically sealed transformers maintain 
their characteristics when subjected to 
such wide ambient temperature variations 
as —40°C. and +100°C, with up to 100 
per cent. humidity. 

The transformers are sealed within 
cylindrical drawn copper containers de- 
signed so that only one external joint is 
necessary. The container is filled under 
vacuum with a specially developed com- 
pound. Fixing bushes are provided both 
in the top and the base of the containers 
so that the terminals may be either above 
the mounting surface or inverted for sub- 
chassis wiring. These bushes are fitted 
through the container to the actual frame 
of the transformer to ensure rigid mount- 
ing. 

Power transformers up to 200 vA at 
50 c.p.s., audio frequency transformers 
from the miniature input variety up to 


the 60 watt audio output types, and chokes 
of, say, 20 Henries at 250 m/A, are 
within the range immediately available 
whilst the scope of this hermetically 
sealed series is continually being widened. 


Parmeko, Ltd., 
Leicester. 


Loud Speakers 


Probably the most interesting of the 
exhibits on Goodman’s stand are the loud- 
speakers designed for high power sound 
systems, the smallest being a 12 in. instru- 
ment with a high efficiency magnet system 
having a.total flux of 145,000 maxwells. 
This results in a highly sensitive unit with 
a peak power handling capacity of 15 
watt, suitable for all medium power public 
address equipment. 

To cater for larger installations both 
15 in, and 18 in. loudspeakers are avail- 
able. On the 15 in. model we have 
achieved a magnet with a total flux of 
210,000 maxwells. 

A variation of the 12 in. loudspeaker 
employs a_ patented —twin-diaphragm 
assembly. This unit is a high fidelity 
instrument with an excellent transient 
response, and the very wide frequency 
range of from 40 to 16,000 c/s. As an 
example of special development, the in- 
dustrial model No. 5, is a metal cased 
loudspeaker arranged for two-way sound 
distribution. The case is specially plated 
and painted and completely sealed against 
ingress of water and vapour. This loud- 
speaker is specially suitable for out-of- 
door use and in plating shops, foundries, 
etc., where the atmosphere is either highly 
corrosive, dust-laden or very damp. The 
speaker is also ideal for sound re-inforce- 
ment under normal factory conditions, and 
the peak power handling capacity is 3 
watts. The exhibits also include a selec- 
tion of low impedance volume controls 
and output transformers extending from 
miniature types to a high fidelity 15 watt 
model, and a heavy duty line transformer 
of 25 or 50 watts speech power rating. 
Volume controls for extension loud- 
speakers are of wire wound construction,. 
having an almost infinite life. Providing 


~ 
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a total attenuation of 23 db. they are also 
compensated at low frequencies for the 
varying response of the ear with changes 
in volume. 
Goodmans Industries Ltd., 
Lancelot Road, 
Wembley, Middx. 
Miniature 3 in. P.M. Speaker 

This speaker has been designed par- 
ticularly for miniature receivers with 
intentional top cut introduced at 7000 
c.p.s, to give improved tonal balance. The 
speech coil of the speaker has an im- 
pedance of 10 ohms; this high impedance 
being used, so that the size of the output 
transformer is also reduced to occupy 
minimum receiver space. 

Projection welding has been employed in 
the assembly; the top plate being welded 
to the magnet yoke, to ensure correct 
alignment of the gap. 

Speaker has Ticonal centre pole magnet 
and a flux density in gap of 7,000 lines 
per sq. cm. Resonance is 300 cycles and, 
at resonance frequency, handling capacity 
of speaker is one watt. Now in pro- 


duction. 
The Plessey Co. Ltd., 
Ilford. 
Capacitors 


Of particular interest to set manufac- 
turers, service engineers and traders will 
be the very full and comprehensive range 
of wet and dry electrolytics with “ all- 
aluminium ”’ non corrosive construction. 
These will include the well known 
** Micropack ”’ styles together with those 
having dual and triple sections. ‘‘ Pico- 
packs,’’ the smallest plain foil - fully 
tropical electrolytics in the world, are on 
show. These are of particular interest 
to manufacturers of personal sets which 
are likely to be seen on the market in 
the near future. Other special types of 
dry electrolytics will include small com- 
pact types employing etched foil con- 
struction and suitable for use as replace- 
ments in American and other miniature 
receivers. 

Also shown were ‘‘ Metalmite ’’ and 
** Metapack ”’ tropical constructions, and 
the ‘* Cathodray ’’ smoothing or coupling 
capacitor for television tubes, working at 
7, 10, or 15 KV. (See Fig. 1). 

The Telegraph Condenser Co., 
North Acton, W.3. 


Ceramic Capacitors 

The Erie type 741a double-cup Cerami- 
con has been designed to meet the demand 
for a ceramic capacitor which will carry 
appreciable current at high voltage, while 
retaining the advantages of a single-piece 
unit, 

As shown in Figure 2, the ceramic 
dielectric has a central web integral with 
the tubular casing, providing a long 
creepage path. Connexion are by means 
of silver-plated terminals soldered to the 
electrodes. Rating is 5kVA, and there is 
a choice of three capacities in each of 
two temperature coefficients. 

Also shown: Ceramic trimmers, solid 
carbon resistors, vitreous enamelled re- 
sistors, carbon-track potentiometers. 

Erie Resistor Ltd., Carlisle Road, 
The Hyde, N.W.o. 
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345" DEEP 
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Air-dielectric trimmers 

Capacitors of 2-8 pF. and 3-30 pF. are 
available for chassis mounting. These 
trimmers are free from drift, have ex- 
cellent characteristics and are of small 
size. 

Mullard Wireless Service Co., 
Century House, W.C.2. 

A new type of capacitor, the Ceramic 
Hi-load capacitor, has been developed 
which is suitable for use on transmitters 
and H.F. heating applications where 
heavy loadings are required, 
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The Ceramic high voltage pot and plate 
capacitor range has been extended to give 
greater flexibility of choice to the designer. 

New types of low inductance stand-off 
and lead-through Ceramic capacitors have 
now reached the production stage. A 
small stand-off insulator to support the 
wiring on communication equipment is 
introduced. In addition, the usual range 
of silvered mica and Ceramic receiver 
capacitor$ is shown. (Fig. 3). 

United Insulator Company, Ltd., 
Oakcroft Road, Tolworth, Surrey. 


Mixed Records Auto-changer 


The time between changing records on 
the new Plessey mixed records auto- 
changer exhibited, is only 5 seconds. It 
has an exceptionally small number of 
components, is light in weight and will 
play up to eight 10 in, and 12 in. records, 
which may be mixed. Any record may 
be rejected during playing and any record 
may be repeated. Following the repeat 
of a record, the mechanism reverts auto- 
matically to normal single playing. 
Further repeats may be made by re-setting 
the ‘‘ repeat’ button. Rejection of a 
record is made by moving the on/of switch 
button to the on/reject position. 

Machine may be switched off at any 
time during playing. Pick-up then swings 
clear of the turntable and the motor is 
switched off. Up to eight records may 
be stacked on the central spindle and these 
rest on a small collapsible shelf near the 
top of the spindle. When a programme 
is completed the machine automatically 
stops. 

Incorrect handling of the pick-up arm 
cannot upset machine adjustments since 
a ‘clicking ’’ clutch is incorporated and 
automatically disengages itself should mis- 
handling take place. Pick-up arm can be 
re-clicked’? back into its normal 
position, if mishandled. 

The Plessey Co. Ltd., 
Ilford. 
Coil Packs 

Three-waveband superhet 


unit with 


‘trimming and padding condensers for use 


with 465 Ke/s. I.F. transformers, also 
with iron core adjustment. Three-wave 
coils, 2-wave, and single wave coils up 
to 24 Mc/s. I.F. transformers, mains 
suppressor chokes, L.F. chokes and H.F. 
chokes of 8,000 uH. 

Weymouth Radio Mfg. Co. Ltd., 

Crescent Works, Weymouth. 


Insulating Sleeving 


V.S.R. insulated sleeving has an in- 
ternal reinforcement of silk with polyviny! 
chloride as the insulant, and conforms 
to A.M.Spec. DTD 320. The following 
are the main properties : 

Breakdown voltage 1,500 V-800 V. 

Resistant to water, acids, alkalis, and 
common solvents. 

Burns with difficulty. 

Tensile strength 3 tons per sq. in. 

Low cost. Variety of colours. 

This company also make tropical-proof 
binding twine ,o2, .03 and 04 in. dia. 
Associated Technical Manufacturers, Ltd., 

New Islington, Manchester, 4. 
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APRIL MEETINGS 


NOTE.—In general, visitors are admitted to the meetings of scientifiic bodies on 
the invitation of a member, or on application in writing to the Organising 
In certain cases (marked *) tickets may also be 
obtained on application to the Editorial offices of this Journal. 


Secretary at the address given. 


Institution of Electrical Engineers 


All meetings of the London Section will 
be held at The Institution of Electrical 
Engineers, Savoy Place, Victoria Embank- 
ment, London, W.C.2. 

Radio Section 
Date: April 15, Time: 5.30 p.m. 
Discussion on: ‘‘ Does Standardisation 

Conflict with Progress? ”’ 

Opened by: J. W. Dalgleish, B.Sc. 
Date: April 23. Time: 5.30 p.m. 
Lecture: ‘‘ New Possibilities in Speech 

Transmission.”’ 

By: D, Gabor, Dr.Ing. 
Ordinary Meéeting 
Date: April 24. Time: 5.30 p.m. 
Held at: Kingsway Hall, W.C.2. 
The Thirty-eighth Kelvin Lecture: ‘‘Elec- 
trical Discharge through Gases.” 
By: Prof. L. B, Loeb, B.Sc., Ph.D. 


Cambridge Radio Group 
Date: April 22. Time: 6 p.m, 
Held at: Cambridgeshire Technical Col- 
lege, (Room 301). 
Lecture: ‘‘ Dielectric Phenomena at High 
Radio Frequencies.”’ 
By: Prof. Willis Jackson, D.Sc., D.Phil. 
Secretary: D. H. Hughes, c/o. Pye Ltd., 
Radio Works, Cambridge. 
The Institute of Physics 
Electronics Group 
Date: April 22. Time: 5.30 p.m. 
Held at: The Royal Society, Burlington 
House, Piccadilly, London, W.1. 
Annual Group Meeting folowed by: 
Lecture: ‘‘ Electron Multipliers.”’ 
By: S. Rodda, B.Sc. 
Secretary: A. J. Maddock, ‘Siva,’ Southill 
Road, Elmstead, Chislehurst ,Kent. 
Manchester and District Branch 
Date: April 18. Time: 6.30 p.m. 
Held at: The New Physics Theatre, 
Manchester University. 
Annual General Meeting followed by: 
Lecture: ‘‘ Material Testing by Super- 
sonics.”’ 
By: D. O. Sprouie, F.Inst.P. 
Secretary: Dr. F. A. Vick, The Univer- 
sity, Manchester, 13. 


Books reviewed in_ this 
Journal can be_ obtained 
from 


H. K. LEWIS & Co. Ltd. 
136 Gower Street, W.C.| 


If not in stock, they will be obtained 
from the Publishers when available 
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The Television Society * 
Constructors’ Group 

Date: April 18. Time: 6 p.m. 

Held at: 

The Institution of Electrical Engineers. 

Informal Discussion : 

‘““The Construction of Simple Pattern 
Generators.”’ 

Opened by: 

G. T. Clack and E, L. Dedman. 
Ordinary Meeting 

Date: April 30. Time: 6 p.m. 

Held at: The Royal Institution, Albe- 
marle Street, London, W.1. 

Ambrose Fleming Memorial Lecture. 

By: Prof. J. A. Crowther. 

Secretary: G. Parr, 68, Compton’ Road, 
Winchmore Hill, N.21. 

Brit. I.R.E. 
London Section 

Date: April 17. Time: 6 p.m. 

Held at: The London School of Hygiene 
and Tropical Medicine, Keppel Street, 

Discussion: ‘‘ Single Side Band Com- 
munication Channels.’’ 

Opened by E. C. Cherry, M.Ss. 

Secretary: The British Institution of 
Radio Engineers, 9, Bedford Square, 

North Eastern Section 

Date: April 9. Time 6 p.m. 


Held at: Neville Hall, The North of 
England Institute of Mining and Me- 
chanical Engineers, Westgate Road, 
Newcastle-on-Tyne. 

Lecture: ‘‘ The Technique of Radio 
Design.”’ 


By: D. R. Parsons. 

Secretary: D, R. Parsons, Messrs. R. M 
Electric Ltd., Team Valley, Gates- 
head, 11. 

Scottish Section 

Date: April 10. Time: 6.45 p.m. 

Held at: The Institution of Engineers 
and Shipbuilders in Scotland, Elmbank 
Crescent, Glasgow, C.2. 

Discussion : 


Television Development in Scotland.”’ 


Opened by: 
A. Bogie. 
Secretary: H, G. Henderson, 5, Muirburn 
Avenue, Muirend, Glasgow, S.4. 


The British Sound Recording 
Association 
Date: April 25. Time: 7 p.m. 
Held at: The Royal Society of Arts, John 
Adam Street, Adelphi, Strand, W.C.2. 
Lecture : 
‘© Modern Direct Disk Recording.’’ 


By: 
A. H. Watts. 
Secretary: R. W. Lowden, 3A, Pembroke 


Buildings, Camberley, Surrey. 
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The Identification 


frequencies up to about 500 

Mc/s, is usually carried out -by 
heterodyning the unknown high fre- 
quency with harmonics. of a standard 
source of signal, the calibration 
accuracy of which on its fundamental 
ranges is known within close limits. 
When use is made of high-order 
harmonics for this purpose, one of 
the major difficulties arising is that 
of identifying the order of the par- 
ticular harmonic causing the hetero- 
dyne. Where the frequency of the 
signal to be measured is already 
known with some accuracy this 
difficulty is not serious, as in this 
case stages producing a known factor 
of multiplication can be driven by 
the standard generator to produce the 
calibrating signal. The main objec- 
tion to this method is the high cost 
in both apparatus and time, with the 
further possible objection of the 
inflexibility df the necessary ancil- 
lary equipment. 


45 HE precision measurement of 


On consideration of the above it is 
thought that the method to be des- 
cribed merits attention, since it 
allows positive identification of the 
harmonic frequency in use and at the 
same time uses an absolute minimum 
of apparatus; further it is applicable 
to any order of harmonic present in 
the standard generator output. No 
claim to originality is made for the 
method, though to date the author 
has not seen it referred to in any 
publication excepting the funda- 
mental idea contained -in the tabular 


inspection method suggested by 
G. Anderson.* 
If the fundamental frequency 


of an oscillation is adjusted so 
that the m™ harmonic of _ it 
heterodynes a higher frequency oscil- 
lation, and then the lower frequency 
is readjusted (increased) so that the 
(z — 1)™ harmonic of it again hetero- 
dynes the unchanged higher fre- 
quency, from a knowledge of the 
values of the two lower fundamental 
frequencies the value of the high 
frequency can be deduced. 


* G. P. Anderson, 
Self-contained 
Engineering, May, 1945, p. 500. 
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of Harmonically Related Frequencies 


By L. H. MOORE* 


Let fo = the unknwn high frequency, 


»; fi: = the 1st (lower) standard fre- 


quency. 
fe =the 2nd (higher) standard 
frequency. 


=the order of harmonic of fi 
causing the 1st heterodyne. 


Then (x — 1) will equal the order of 


harmonic of f2 causing the 2nd 
heterodyne. 
Therefore fim = — 1) 

fin = fin — fa 


” fon — fia = fz 


” — = fr 


fe 
(3) 
fa — hh 
But from (1) fiz = fo, so combining 
with (3) gives fi——— = fo 
fz -- 
hifs 
— fr 


Equation (4) expressed in words 
states: ‘‘ The product of the two 
standard frequencies, divided by 
their difference, equals the frequency 
of the unknown being heterodyned.”’ 


Practical Procedure 


It will have been noted that the 
whole method relies on the correct 
identification of the beats caused by 
fim and f:"-"). This identification does 
not present any great difficulty, pro- 
viding a few elementary precautions 
are observed; the following proce- 
dure is suggested : 

(a) Using a ‘ mixer,” preferably 
of the multiplicative type, ze., 
hexode valve, inject the standard 
frequency harmonics and unknown 
frequency into appropriate grids; it 
may be of advantage to interpose a 
simple high-pass filter, with cut-off 
just below the lowest harmonic fre- 
quency likely to be required, between 
the standard generator and_ the 
mixer. This precaution is particu- 
larly necessary when high-order har- 


monics are in use, otherwise there 
is considerable danger of the mixer 
being saturated by the fundamental 
anl lower order harmonics, since 
large amplitude signals are likely to 
be in use. The standard generator is 
next adjusted so that on one of its 
ranges a beat with the unknown fre- 
quency occurs in the lower half of 
the range in use. Note the frequency. 

(b) Slowly increase the frequency 
of the standard signal until the next 
beat of comparable amplitude is 


found; this frequency will be f° 


There is a possibility of confusion 
arising at this point if the particular 
type of standard generator in use has 
a wide difference between the ampli- 
tude of its odd and even harmonics; 
however, this trouble is not likely to 
arise with most normal types of 
generator, since they generally use 
oscillators which are self-biased by 
grid current. The trouble will not, 
of course, be present with any type 
of generator if the generator is fol- 
lowed by a stage of amplification and 
limiting, since the signal will then 
approximate to the form 


2E n= 1 
é=—+— sin.n8 
2 2 


i.€., approximately of square wave 
form, 


Possible Errors 


It will be realised that weak beats 
may occur at intermediate points 
between /; and f2, due to harmonics 
of the standard generator of higher 
order than ”, beating with harmonics 
of fo, but if the inputs to the mixer 
are kept to the absolute minimum 
necessary for audibility of beats fi 
and f.("-), the possibility of error 
from this source is small. 

(For examples of possible interme- 
diate beats see Appendix.) 

The use of the formula at (4) ob- 
viates the necessity for a knowledge 
of the value of ~; however, for two 
reasons it is preferable to evaluate it. 

If the figure for x arrived at differs 
from a whole number by an amount 
greater than may be expected, having 
regard for the “ differential” cali- 
bration accuracy of the standard 
generator (absolute accuracy is of a 
minor importance when determining 
the value of m), it is an indication 
of errors in observation, and a 
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further set of observations should be 
taken using different values of /; 
and fs. 

In this application it can be shown 
that the ‘‘differential’’ calibration of 
the standard must be accurate to 


100 
better than + —— per cent. to avoid 
2n 


ambiguity of results, and thus it will 
be seen that this requirement sets a 
practical limit to the highest order 
of harmonic that can be used in any 
particular case. 


Appendix 


As an example, assume that the 
following values have been observed : 


fh = 20". 
fz = 2.22 Mc/s. 
Applying formula (3) 


2.22 
a= = =—— = 10.!1 
fz fr 2.22 — 2.0 0.22 


fe 2.22 


But 2 must be a whole number, so 
may be taken as being 10.0, the 0.1 
being an error due to the limitations 
of observation. ~ 


Applying formula (1): 
fo = fim = 2.0 x 10.0 = 20 
= 20 Mc/s, 


Alternatively, 
(4); 


applying formula 


fife 2.0 X 2.22 4.44 
f= = =—— = 20.2 
fe —fr 2.22 — 2.0 0,22 


1.é., fo = 20.2 Mc/s. 


The most serious spurious beats 
which can occur between f; and f: in 
the above case would be as follows: 


Generator ho 

frequency. harmonic. fin 
2.105 Mc/s. 19" 2nd 40 Mc/s 


From this table it is apparent that 


if the mixer inputs are kept as low. 


as possible, it will be almost impos- 
sible to mistdke one of these inter- 
mediate beats for that due to the ot 
harmonic of f:, and the fundamental 
fo, owing to the relatively high order, 
are consequently usuall of low 
amplitude. 
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Automatic Checking of 
Frequency Response 


The rapid measurement and check- 
ing of the frequency response on 
telecommunications networks with 
widely separated input and output 
terminals has- presented difficulty in 
the past owing to the need for a pilot 
line to gang the sending and receiv- 
ing equipments and the time taken 
to make the measurements. 


The Redifon Automatic A.F. Re- 
sponse Curve Tracer, particulars of 
which have just been released, claims 
to have overcome the problems of 
measurement on long lines and en- 
ables an operator at the receiving end 
to initiate the signal and record the 
response curve entirely from one end. 


Method of Operation. 


A gliding tone at constant voltage 
from 11 Kc/s, to 39 c/s. is fed on to 
the line over a period of a few 
seconds. The recording apparatus 
connected across the receiving end of 
the line is inoperative until the glid- 
ing tone is received, whereupon the 
spot of a cathode-ray tube is switched 
on and follows the gliding tone to 
give a response curve on the screen. 
At the end of the tone the beam is 
automatically switched off and a series 
of calibration lines is drawn on the 
screen, which has sufficient afterglow 
to show the whole response curve on 
an accurate scale, 


Calibration Lines. 


The tone scale is marked off by nine 
calibration lines, giving octave inter- 
vals from 11 Ke/s. to 39 c/s. The 
amplitude is calibrated by 14 hori- 
zontal lines drawn at intervals of 
3 db. from +18 db. to —21 db. The 
centre lines of each scale are dotted 
in order to give a quick reference. 
The instrument will draw and cali- 
brate any audio-frequency response 
curve within these limits of frequency 
and amplitude, 


An input range switch enables any 
response mean level to be measured 
from 50 V. to 10 mV. 


Demonstration Available. 


The apparatus is being demon- 
strated between 2.30 and 5.30 p.m. 
each day between April 9 and April 18 
at Carlton House, Lower Regent 
Street, W.1. Application should be 
made to Rediffusion, Ltd., Communi- 
cation Sales Division, Broomhill 
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BOOK REVIEWS 


The Physical Principles of Wave 
Guide Transmission and 
Antenna Systems 


By W. H. Watson, (Geoffrey Cumberlege, 
Oxford, at the Clarendon Press) 207 pp. 
Price 20s. 


Although it has long been known that 
electromagnetic waves can travel through 
hollow metal tubes of suitable dimensions, 
or wave guides as they are now called, 
it was not until the development of radar 
equipments that were required to operate 
on wave-lengths of ten centimetres or less 
that this knowledge found practical appli- 
cation. 

In such radar equipments wave guides 
are used in place of the conventional 
transmission lines employed in longer 
wave. equipments to convey radio fre- 
quency power from a transmitter to an 
aerial and from an aerial to a receiver. 

At microwave lengths transmission lines 
(coaxial cables) possess disadvantages of 
low power-handling capacity and excessive 
attenuation factor and therefore are un- 
suitable for use in equipments operated 
at the limit of sensitivity. 

However, before wave guides could be 
usefully incorporated in equipments it was 
first necessary to develop a suitable theory 
of transmission and a set of standard 
techniques which are closely parallel to 
the standard theory and practice of high 
frequency transmission lines. The modern 
theory and practice of wave guides ‘s 
therefore of vast extent in comparison 
with the theory as it existed in 1939. 
Much of this store of knowledge is now 
being released for the first time and it is 
fitting that the author of one of the 
first books on the subject of modern wave- 
guide theory and practice, should himself 
have been an outstanding contributor to 
the development of one branch of the 
subject. Professor W. H. Watson, the 
author of this book, was*the leader of a 
group of Canadian workers whose elegant 
experimental and theoretical researches led 
to an understanding of the behaviour of 
resonant slots cut in the walls of a wave 
guide. This work led to the development 
of a new type of microwave aerial array 
of permanent practical importance. 

The author devotes the early chapters 
to an exposition of the transmission theory 
of wave guides and to the more straight 
forward practical techniques. It is shown 
how, in a wave guide whose dimensions 
are chosen so that it carries a single type 
of progressive wave it is possible to 
formulate a rigorous theory of trans- 
mission employing the language of im- 
'.pedances and admittances, familiar in the 
theory of transmission lines, which is con- 
sistent with the basic equations of the 
electromagnetic field. 

In. the later chapters 


the author 


consciously omits a survey of the many 
practical techniques that might interest the 
radio engineer, but chooses to give a full 
account of certain matters of interest tu 
the design specialist and to the mathe- 
matical physicist. These matters relate, 
in the main, to the theory and application 
of important types of discontinuity in 
wave guides; joints, obstacles and slots in 
the walls, 

Obstacles with special geometrical forms, 
called irises, are of practical interest 
because they play the part of shunt 
reactances employed in transmission line 
matching techniques, and also as switching 
devices. 

It is therefore of value to the designer 
to have available formulae and curves 
giving the equivalent reactance of an iris 
of given dimensions. 

The theory of, and experimental re- 
searches on, slots receive full treatment 
and the bearing of this work on the 
design of slot antennae is discussed in 
detail. 

A final chapter considers certain aspects 
of the theory of the electromagnetic field 
in relation to what has preceded. 

The use of matrix notation lends con- 


‘ciseness and elegance to the exposition. 


The book is one that is likely to appeal 
to the specialist and to the mathematical 
physicist rather than to those who seek 
elementary account of modern wave guide 
practice and is a valuable contribution to 
the literature of electromagnetic theory 
and its applications. 

The printing and appearance are of the 
high standard to be expected from the 
Clarendon Press. 


L. G. H. Huxtery 


‘Reference Data for Radio 
Engineers 


(2nd Edition) Published by Federal Tele- 
phone and Radio Corporation, New York. 
Price $2. 


This handy reference book follows the 
same general lines as the companion book 
published under the same title by 
Standard Telephones and Cables Limited 
which was reviewed in our February 
issue: it differs from it by reason of its 
production primarily for the American 
market. Consequently American units of 
measurement are used throughout, and as 
these units are not always identical with 
the Imperial measures of the same names 
(e.g. the gallon and the ton) British 
readers will find it necessary to apply cor- 
rection factors to some of the numerical 
data. 

The book includes a very full list of 
valves standardised by the U.S. Navy, 
vind also contains a special section deal- 
ing with studio acoustics which should be 


of value to engineers who are specially 
interested in sound recording and re- 
production, 


Radio Tube Vade Mecum 


Publisher : P.H. Brans, 28 Rue Leopold, 
Antwerp (Borgerhout). 


The sixth edition of Brans’ Radio Tube 
Vade Mecum (1946) is a comprehensive 
guide to all types of radio valve, including 
Russian, German and Italian and Allied 
Army tubes. Each is classified with its 
principal characteristics, base connexions, 
and equivalent in the case of obsolescent 
types. 

A coupon enclosed in the bock entitles 
the owner to a‘free service of supplement 
sheets. The 1947 edition will be further 
modified, and no doubt steps will be taken 
to remedy a few errors of reference in 
the British valve section. The project is 
an excellent one, and deserves the co- 
operation of valve manufacturers through- 
out Europe. 


An Introduction to 
Transmission Lines 


By C. J. Mitchell (Harrap, London.) 64 pp. 
30 Figs. Price 3s. 6d. 


This little book is strictly what it 
claims to be—an introduction, and nothing 
more. The treatment is very simple, 
using only the simplest algebra, but is 
lucid, logical and adequately rigid. The 
subject-matter concerns the loss-free LC 
line only, and the point of view is that 
of high-frequency lines such as those used 
for aerial feeders, where the phenomena 
of reflection and standing waves, etc., are 
of predominant interest. The whole book 
is devoted to the consideration of waves 
on the line, first of all the travelling waves 
produced by the application of a d.c. 
voltage (continuous or pulsed) to the line, 
and then the standing waves which can 
be obtained when an a.c. voltage is 
applied. This leads to a determination of 
the impedance at various points along the 
line, for various types of termination 
(open-circuit, short-circuit, and resistance 
closure), and from this it is an easy step 
to the use of quarter-wave lines and stubs 
for impedance matching. 

The book is well written, well presented, 
and with ample illustrations in the form 
of diagrams and numerical examples. It 
should be of great help to the elementary 
student with some knowledge of tech- 
nical electricity who wishés to understand 
the often-confused basic ideas of wave 
propagation on lines. A number of ex- 
pressions are quoted without proof, but 
this is quite justifiable in a book of this 
type. 


D. G. Tucker 
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NOTES FROM THE INDUSTRY 


Prizes for Instrument Designers 


The Scientific Instrument Manu- 
facturers’ Association announce that 
Mr. W. Bowen has generously pre- 
sented a Trust Fund, the income of 
which will be awarded each year to 
employees of Member Firms of 
S.I.M.A. who submit the best papers 
on improvements in scientific instru- 
ments. 


For the current year the Council 
will award five prizes to a total of 
£125 for the best five papers on a new 
invention, a new improvement in 
design, an improvement in manufac- 
turing technique, or a new develop- 
ment arising from research in relation 
to scientific instruments. 


Electronic instruments are covered 
by Section 6 of the schedule. Further 
particulars of the Bowen Trust and 
the entry form can be obtained from 
the Secretaries, Messrs, Binder, 
Hamlyn & Co,, 12-13 South Place, 
E.C.z2. 


Latin-America Centre 


Founded in 1943. non-profit- 
making bodies, the Hispanic and 


the most 


Luso-Brazilian Councils are the ex- 
pression of the conviction of some ot 
important British firms 
trading with the countries of the 
Iberian Peninsula and Latin America 
that a wider knowledge of the Spanish 
and Portuguese languages and more 
sympathetic understanding of the 
general conditions of life and busi- 
ness in those countries are a neces- 
sity for Great Britain. 

In September, 1946, the Councils 
acquired the premises at 4 Upper 
Berkeley Street, Portman Square, 
London, W.1. Educational work is 
housed and administered in _ this 
building and a library of books 
in Spanish and Portugese is being 
built up to be at the service .of 
members -of the Councils and all 
serious students. A general informa- 
tion service on Latin America is also 
available, which does not, however, 
attempt to enter the commercial field 
already covered by the Chambers of 
Commerce. 

Further information can be obtained 
from the Secretary-General at 
Canning House, 


1.E.E. Annual Dinner 

The annual dinner of the Institution 
of Electrical Engineers was held at 
the Connaught Rooms on Thursday, 
February 27, under the chairmanship 
of the president, V. Z. de Ferranti, 
M.C., over 600 members and guests 
being present. 

Among the distinguished guests 
were the Presidents of the Institution 
of Mechanical Engineers, the Physical 


Society, the Royal Institution, and, 


other learned bodies, the Postmaster- 
General (The Earl of Listowel), 
Admiral Sir J. H. D. Cunningham 
(First Sea (Lord), and the President of 
the Société Francaise des Electriciens. 


Electrons, by Ediswan 

The Edison Swan Electric Co., Ltd., 
are issuing a series of six booklets on 
Electrons, the first being Electrons in 
Diodes. The purpose of these pub- 
lications is to provide an introduction 
to radio by explaining in simple terms 
the operation and functions of the 
various classes of valves. Primarily 
intended for educational purposes, the 
books will be available from the 
Technical Service Department of the 
company on application. 


long life and trouble-free service. 


Consistent self-cleaning contact is obtained 
through a wiper arm comprising two or 
The con- 
tact studs and wiper arms are made of 
Beryllium copper, a material which offers 
extreme durability and exceptionally low 
contact resistance of the order of 0.00! ohms. 


Units are 
available, having up to four poles and fifty 
steps, either singly, or in ganged sets 


three independent laminations. 


The range is comprehensive. 


operating from a common shaft. 


PAINTON & COMPANY LTD 
KINGSTHORPE NORTHAMPTON 


These robust Instrument quality switches 
have applications in audio-frequency and 
small power circuits and are designed for 
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ELECTRONIC 
EQUIPMENT 


for 


INDUSTRY 


Applications include :— 


RESISTANCE WELDING 


HIGH FREQUENCY HEATING 
POWER CONVERSION 


TIMING, WEIGHING, COUNTING, 
and control for 
LIGHTING, VOLTAGE, SPEED, 
REGISTER, AND TEMPERATURE 


SERVO-POSITION 
CONTROL 


BTH RUGBY 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 
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A3635N 


COSSOR 
DOUBLE BEAM 


OSCILLOGRAPH 
giving 


VISUAL TWO-DIMENSIONAL 
delineation of any recurrent law. 
RELATIVE TIMING OF EVENTS 


and other comparative measurements 
with extreme accuracy. 


PHOTOGRAPHIC RECORDING 


of transient phenomena 


and 
SIMULTANEOUS INDICATION 


of two variables on a common time axis. 


Completely embracing all the above 
functions, of which the last is unique, 

the Cossor Double Beaim Oscillograph 

is inherently applicable to all prob- 

lems arising in 

RECORDING, INDICATING & MONITORING 
when the effects examined can be 
made available as a voltage. 


A. C. COSSOR LTD., 


INSTRUMENT DEPT., 
HIGHBURY, LONDON, N.5 


Phone: CANonbury 1234 (30 lines) 
Grams: Amplifiers, Phone, London 
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Partridge Hews 


INDIVIDUAL DESIGN 


PARTRIDGE Precision Built TRANS- 
FORMERS wound to suit individual 
requirements now incorporate:— 
Silver-plated turret terminals giving 
alow potential drop and carrying = 4 
to |ISamps. Adequate room on 
for easy soldering of several external 
circuit wires. 


Firm clamping of the laminations by 
means of scientifically designed pres- 
sure die-castings. 


Interlocked fixing feet providing 
alternative mounting. 


AVAILABLE STOCK 


A comprehensive range of mains and 
audio components is now available 
from stock, and we can despatch 
small quantities of these per return. 
We would stress that before order- 
ing you send for our list detailing 
these components. Our stock range 
now covers almost all normal re- 
quirements, and by availing yourself 
of this service you will save the 
inevitable delay in the production 
of aspecial component. We shall be 
pleased to send you our stock list 
upon receipt of your address. 


PARTRIDGE 


TRANSFORMERS LTD 
76-8, PETTY FRANCE. LONDON, S.W.I. 
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THESE ARE IN STOCK 


ee RECEIVING EQUIP- 
ENT i W. T. Cocking, 12s. 6d. 


12s. 6d., 

WIRELESS SERVICING by 
W. T. Cocking, 10s. 6d., postage 5d. 
RADIO. LABORAT TORY HANDBOOK, 

by M. G. Scroggie, | 6d., postage 6d. 
THE GAS-FILLED TRIODE AND ITS 
APPLIC by G. Windred, 


2s. 6d., e 2d. 

MATHEMATICS FOR ELECTRICIANS 
AND RADIOMEN, 4 Nelson M. 
Cooke, 22s. 6d., postage 

THE WIRELESS WORLD VALVE 
DATA, 2s., postage 2d. 

ENGINEERING HANDBOOK, 
Keith ae 30s., postage 9d. 
ELECTRON NIC EQUIPMENT AND 

ACCESSORIES, by R. C. Walker, 25s., 


postage 9d. 
FUNDAMENTALS OF RADIO, by F. E. 
Terman, 20s., postage 10d. 
THE SUPERHETERODYNE RECEIVER, 
. T. Witts, 6s. postage 4d. 
SHORT. WAVE WIRELESS COM- 
MUNICATION, by A. W. Ladner & 
C. R. Stoner, 35s., postage 9d. 
WIRELESS COILS CHOKES AND 
oo by F. J. Camm, 6s., 
postag 
PRINCIPLES OF DIRECT CURRENT 
ELECTRIC by Douglas 
& Herbert E. Ingham, |5s., 


ELECTRIC MOTORS AND GENERA- 
TORS, 9s. 6d., postage 7d. 

We have the finest stock of British 
and American Radio books. Write or 
call for complete list. 

THE MODERN BOOK COMPANY 
(Dept. E.3) 19-21, Praed Street, London, W.2 


POWER 


TYPE P.I.W. 
Continuous Wire-Wound 
Rating: 20 watts max. (linear) 
5 watts max. (graded) 
Ranges: 10-500,000 ohms max. (linear) 
100-250,000 ohms max. (graded) 


100-50,000 ohms max. (non- 
inductive. 


Characteristics : 


Linear, tapered, graded, log., semi-log. 
inverse log., non-inductive, etc. 


Write for full details to: 


RELIANCE 


Manufacturing Co. (Southwark) Ltd. 


Sutherland Road, Higham Hill, 
Walthamstow, 


Telephone: Larkswood 3245 


TECKAIQUE 


A JOURNAL OF INSTRUMENT ENGINEERING 


. The complexity of modern industrial processes 
and the ever widening fields in which instruments 
are employed call for a type of service from the 
instrument manufacturer to the user which must 
go far beyond the simple business relations of the 
past. With this, the first issue of ““Technique’’, we 
inaugurate a new service for users of Muirhead 
instruments, and, since such things are usually 
reciprocal, a new service for ourselves.’ 


With these words we introduce the first issue of our new 
Would you 
like us to put your name on our Mailing List to 


quarterly publication, ‘‘ Technique ”’ 


receive it regularly ? 


FOR OVER 60 YEA 


DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 


MUIRHEAD 


Muirhead & Company Ltd. Elmers End, Beckenham, Kent. 
Telephone : Beckenham 0041-2. 


THE HARBORO’ RUBBER CO. LTD. 


The demand is very 

high, but enquiries 

for your particular 

requirement will 

have special atten- 
tion. 


MARKET HARBOROUGH 


C.R.C. 6ac 


BRAY CERAMIC INSULATORS 


for LF. anc. HF Components. also capacitor dielectrics 


GEO. BRAY & co. LTD. LEEDS, 2 


Established 1863 


Phone Leeds 2098! 
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CLASSIFIED ANNOUNCEMENTS 


Tne charge for miscellaneous advertisements on this page is 12 words or less, 5/- and 4d. for every additional word. Box numbers 


count as four words, ~ \/- extra for replies. Remittance should accompany advertisement. 
43 Shoe Lane, E.C.4, Replies to box numbers should 


Hulton Press, Ltd., 


date: ISth of month for following issue. 


be addressed as above, marked “ Elec. Engg.’ 


Cheques and P.O.’s one to 
ress 


FOR SALE 
IN STOCK. Rectifiers, Accumulator C’ 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, etc. 


Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.z2. GER. 4447. 


AMATEUR RADIO GEAR. We are specialists in 
amateur and experimental radio gear and can offer 
from stock some very advanced instruments by famous 
American and British manufacturers. 


LABGEAR. Crystal frequency standards, oscillo- 
/ scopes, power packs, absorbtion 
meters, transmitting inductances. 


Special 30-valve oscilloscopes, hetero- 
dyne audio illators, 100 m/cs. 
frequency standards. 


R.C.A. 800-1000 m/cs. transceiver 50 gns. 
EDDYSTONE components. 


Several small transceivers, American specification, 
200-240 M/cs., 8 tubes, one year’s guarantee 25 gns 
5- and ro-metre bands transmitter push-pull, output 
15 watts, A.C. mains or mobile operation, 15 gns. 
Audio amplifiers, 5-watt, chassis model, 85s.; new 
and guaranteed. 15 watt, enclosed steel cabinet, 


LE.C. 


18 gns.; high quality 15 watt, 29 Ewa American 
GT and special valves. 22 page cat e, price 6d. 
Adams Radio Supplies, GZHHK, 655, Fulham Road, 
London, S.W.6. (RENown 4178). 

COMPONENTS, plete equip , prompt 
deliveries. The neatest transmitters you ever set eyes 


on, meter switching, bandswitching, covering all 
bands. Prices from £26 tos. complete. S.A.E. lists. 


Radio Service G6HP, Canning Street, 
Burnley. 


TEST EQUIPMENT. Signal generators, rooKe/s 
to 50 Mc/s direct calibration in six ranges. Accuracy 
I cent. A.C. operated 200-250 volts. First-class 
job 5 gns. Write for full specification. Hire purchase 
arranged. Radio and Electronic Development Co., 
Moretonhampstead, Devon. 


LOUDSPEAKERS 


LOUDSPEAKERS—We carry on. Sinclair Speakers, 
12, Pembroke Street, N.1. 

LOUDSPEAKER repairs, British, American, an 
make, moderate Speakers, 
Pembroke Stre>t, N.1. 


MISCELLANEOUS 


WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups, — 
etc., radio and electrical accessories. Write, phone or 
call, University Radio, Ltd., 22, Lisle Street, London, 
W.C.2. GER. 4447. 


A WELL KNOWN technical publishing house will 
be pleased to consider manuscripts for —. 

ing with all aspects of radio and television. Treat- 
ment of subject should be moulded on practical lines, 
with emphasis laid on data for the actual construction 
of apparatus. Manuscripts should be of 10,000 words 
and upwards, and should be submitted complete with 
finished or sous drawin; Box AC 16559, Samson 
Clarks, 57/61, Mortimer Stieet, W.r1. 


THE NAME TO NOTE for all kinds of radio and 
electrical metalwork to specification, modern rust- 
feooine, all shapes and sizes undertaken, and for 
tropical use. Components and sub assemblies executed 
w meet recognised wiring and material standards. 
Consultation, advice without obligation. Write: 
Department O1, Sea Rescue Equipment Ltd., Chiltern 
Works, Clarendon Road, Watford, Herts. 
PHOTOGRAPHY BY BEHR will show your 
juct at its best. Ask for illustrated list. Temple 
‘ortune Lane, London, N.W.11. SPEed 4298. 


MONOMAREKS. Permanent London Address. Letters 
redirected. Confidential. 5/- Patronage. 
Write Monomark BCM/MONO4S, W.C.1. 


heavy Art Paper, 4/6, t 6d. 
Linen, 10/6, fr ar 6d.—Webb’s Radio, 14, Soho Street, 
London, W.1. *Phone: GERrard 2089. 


MORSE Practice Equipment for Class-room or 
Individual Tuition. Keys, Audio Oscillators for both 
battery or main operation. Webb’s Radio, 14, Soho 
Street, London, W.1. ’Phone: GERrard 2089. 


WE HAVE THE Largest Stock of English and 
American radio books in the country, including many 
now out of print. Write or call for complete list. The 
Modern Book Co. (Dept. E.E.), 19/23, Praed Street, 
London, W.2 (PAD. 4185). 


SOUTH AFRICA. Secure expert mapeeraiation in 
the Union by Engineer, Cambridge M.A., flying out 
June. Ten years’ practical experience all types of 
equipment transmitters, receivers, test gear, com- 
ponents, etc. Installation and maintenance under- 
taken. Write full particulars Box No. 997, “ Elec. 
Engg.” 

BERRY’S (SHORT WAVE) LTD., offer you the 
latest VHF gear, including the “‘Q-MAX VHF Con- 
verter with mono-unit coils, 19 gns.; Tank Coil Units 
for 14, 28 and 56 Mc bands; “ R” Meters for AR88’s, 
59/6; Chassis Cutters, 14 in., 10/6, 1 and 1} in., 12/6; 
Absorption Wavemeter and Phone Monitor, 35/-; 
Slow-motion Drives, 8-1, 15/6 complete and 50-1 
(single hole fixing), 66/-. Don’t miss our next 
Advert—Big News co: .—Berry’s (Short Wave) 
Ltd., 25, High Holborn, London, W.C.1. 


SITUATIONS VACANT 


ASSISTANT uired in Electronic Laboratory of 
a large industrial concern in North-West London. 
Applicants should have had experience with electro- 
magnetic devices, motors, etc., as well as with elec- 
tronic circuits, and should state experience and salary 
required. Box No. 004, “ Elec. Engg.” 


THE MULLARD RADIO VALVE CO., LTD., 
require Production Engineers to fill senior positions in 
their Radio Valve works. Age between 25 and 35. 
Must possess Degree or equivalent in Physics or 
Electrical Engineering. Some industrial experience 
is essential but not necessary in valve production. 
The salary will be in accordance with the Company’s 
scale, which is based on age, qualifications and experi- 
ence. Applications, which in the first instance must 
be in writing, should be addressed to Works Personnel 
Officer, Mullard Radio Valve Co., Ltd., New Road, 
——_ Junction, Surrey, and the reference “ A.a.” 
quoted. 


ELECTRONIC DEVELOPMENT ENGINEER 
required for electrownedical and similar apparatus. 
Degree or equivalent. Salary £400 to £500 per annum, 
according to qualifications and experience. Write for 
application form to Ref. D. E., Personnel Manager, 
The Edison Swan Electric Co., Ponders End, Works, 
Middlesex. 


ASSISTANT ENGINEER (aged 20-25) required 
by Recording Studios (Film and Disc). Knowledge 
L.F. amplifier design essential. Box No. 999, “ Elec. 
Engg.” 

MASTER wanted for leading radio college in London. 
Correspondence, lecture and practical courses. Science 
degree (or equivalent) and good practical outlook 
essential. Age preferably not over 30. Salary £350 
to £500 according to age, qualifications and experience. 
Cost-of-living allowance, 29s. 6d. per week, and super- 
annuation benefits. Apply, stating age, fullest details 
of education and experience, to Box No. oor, “ Elec. 
Engg.” . 
A.M.1.E.E., City and Guilds, etc,, on ‘*‘ NO PASS— 
NO FEE” terms. Over 95 per cent. successes. For 
full details of modern courses in all branches of 


Electrical Technology send for our 112-page handbook | 


—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.1. 


ASSISTANT, age 17/20 required to assist in test gear 
section of London plant | tadio com- 
ponents. National or City and Guilds certificate student 
essential. Apply Box 974, “‘ Elec. Engg.” 


SENIOR ENGINEER required in South East London 
district, to take charge of design and development of 
electronic equipment. Applicants should possess a 
good Degree and have had extensive experience in this 
class of work. Salary required, age and full particulars 
of experience, etc., shouldbe includedin aj plications, 
which should be addressed"to Box 957, ‘“ Elec.’ Engg.” 


REQUIRED—Test Engi with |} ledge of 4 
wer high frequency valve generators. Box . 
Elec. Engg.” 


LABORATORY ENGINEERS are required for 
development work on broadcast receivers. The 
laboratory is south-west of London, 30 minutes from 
Waterloo. Please write, stating age, sala expected, 
and qualifications. Box 984. Elec. 
ngg.” 


RADIO AND ELECTRONICS Research and 
Development Engineer required with wide experience 
on V.H.F., miniaturisation and electro-mechanics. 
West London district. In applying give full details of 
experience, qualifications, age and salary required, 
to Box 989, ‘‘ Elec. Engg.” 


REQUIRED by Instrument Company engaged on 
industrial telecommunications and medical measuring 
equipment: 

(A) One Development Engineer. Good physics 
degree or equivalent and some years’ experience in 
comparable work. Age at least 25 years, salary 
according to experience. 

®) One Mechanical Designer. Radio experience and 
legree or equivalent essential. Salary, £430/590 p.a. 
(C) One Technical Assistant. Radio experience 
essential. Salary £6 per week upwards, according to 
experience. Box ggo, “ Elec. Engg.” 
ELECTRICAL) ENGINEERING MANUFAC- 
TURERS in the Midlands require Engineers with 
specialist knowledge of electronic control circuits and 
equipment. Must have studied communication 
engineering to Degree standard or equivalent. Also 
have sound meral experience electrical and 
mechanical en;ineering and ample practical experience 
in industrial electronic engineering. Age to 35 
preferred. Reply Box No. 993, “ Elec. Engg.” 


GLASS BLOWER required, used to hard and soft 
lass working for assembly of tubes and electronic 
evices. Salary £325 to £350 per annum gross, accord- 

ing to experience and ability. West London area. 

Write, stating age, fullest details of experience, etc., to 

Box No. 005, “ Elec. Engg.” 


RESEARCH AND DEVELOPMENT ENGINEER 
required. Sound theoretical and good 
mathematical ability an _ essential. xperience of 
aerial and feeder calculations an advantage. Plenty 
of scope for a man with originality and initiative. 
Laboratory situated in Central London. State 
qualifications, experience, and salary required to Box 
No. 006, ‘‘ Elec. Engg.” 


RADAR RADIO SENIOR ASSEMBLY 
FOREMEN. At least three are required for assembl 
of radar and radio equipments, Manchester area. T 

is a golden opportunity for men of the right calibre and 
initiative. Apply, giving full particulars of age 
experience, qualifications and salary required, to, 
Box No. 007, ‘‘ Elec. Engg.” 


SITUATIONS WANTED 


CAPTAIN, ROYAL SIGNALS, DEMOBBED. 
Former telecommunications instructor (lines). Com- 
pletely conversant single and multi-channel carrier 
telephone and V.F. telegraph equipments, British and 
American types; teleprinters; teletypes; experi- 
enced cast accountant ; requires situation demanding 
hard work. Box No. 002, * Elec. Engg.” 
RADIO DEVELOPMENT ENGINEER, A.M.Brit. 
I.R.E:, age 28, seeks responsible position. Specialist 
in R.F. heating, electronic test and industrial equi 
ments, but thoroughly experienced in many other fields 
of radio. Many years’ practical experience and 
accustomed to controlling staff. Box No. 998, “ Elec. 
Engg.” 

WANTED 


REQUIRED two copies “‘ The Blue Book ” (Electrical 

Trade Directory and Handbook), any reasonable price 
aid. R. K. Dundas, Ltd., The Airport, Portsmouth, 
phone 74874. 

WE OFFER cash for good modern Communication 
and all-wave Receivers.—A.C.S. Radio, 44, Widmore 
Road, Bromley. 

CONTACT sought with specialist able to advise 
occasionally on R.F. transmission line problems. 
Box No. 003, “ Elec, Engg.” 
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WEBB'S Radio Map of the World enables you to mig 
locate any station heard. Size 40 in. by 30 in. 2-colour eae 
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ec naphot 
LIMITED 
RUGBY 
Scientific Glasswork to 
Customers’ Requirements 
Manometers, 
Condensers, 
Thermometers, 
etc., etc. 


OUR FIRST POST WAR PRODUCT 
-THE ROMAC 106 


Personal”? RECEIVER 


£14-14-0 Complete Plus P.T. £3-6-0 


This Receiver was selected as an 
Exhibit at the “ BRITAIN CAN 
MAKE Exhibition. 


Home and Export Enquiries should be directed to: 


ROMAC RADIO CORPN. LTD. 


THE HYDE - HENDON - LONDON, N.W.9 


THE WORLD’S GREATEST BOOKSHOP 


FOR Booxst 
New and second-hand Books on Engineering and all 
other subjects, 
We BUY Books, too. 
119-125, Charing Cross 
GERrard 5660 (16 lines). 


Road, Londen, W.C.2 


pen 9-6 Inc. Sat. 


Electronic Engineering 


TO 
Chief Buyers 
of Is 
INDUSTRIAL LTD 
ORGANISATIONS | 


You can save yourself many a headache 
when vitally urgent Radio and Electronic equip- 
—_ is called for, by ‘phoning PADdington 


ALREADY we supply the Services, many 
Government Departments, local authorities, 
Research and Development Organisations, 
Training Colleges, etc. 


WE specialise in this work and carry large 
stocks of high-grade components which, in 
emergency, we can forward immediately 
against your ‘phoned Official Order Number. 


NO enquiry or order too small, or too large 
or too difficult—in fact, the more difficult it is 
the better we like it. 

An enquiry under your letter heading will 


bring our 24-page illustrated catalogue by 
return post. 


TELE-RADIO (1943) LTD., 
177 Edgware Road, 


LONDON, 


Telephone : PADdington 6116 


THE TRIX ELECTRICAL CO. LTD. 
1-5 MAPLE PLACE- TOTTENHAM COURT ROAD-LONDON, w.1 
TELEPHONE, MUSEUM 58'7 GRAMS £CABLES: TRIXADIO.WESOO, LOMDON 


RCA REVIEW 


RCA REVIEW, a technical 
journal, describes electronic re- 
search and engineering develop- 
ments in the Radio -Corporation 
of America and affiliates. Sub- 
jects covered include Television, 
Electron Optics, Acoustics, 
Radar, Navigational Equipment, 
Facsimile, Antenna Design, and 
others. Published quarterly, 
March, June, September and 
December. Subscriptions : 12s. 
for one year, 22s. for two years, 
29s. for three years. Write to 
Radio Corporation of America, 
43 Berkeley Square, London, 
W.1. 


NEW DUAL TESTOSCOPE. 


ideal for High 
Be andLow Votrage Test- 
ing;1/30,100/850 A.C.and D.C. 
Send for leaflet 124 on 

Electrical and Radio Testing, from all Dealers or direct. 


RUNBAKEN -MANCHESTER:/ 


transformers & chokes are specified». 


by engineers who require. accuracy ~ 
and reliability to Tropiéal . 


Holborn, London, W.1. 


R.7.8. ELECTRONICS, KING STREET, EXETER. 
x 


Telephone: Exeter 2132. Cables & ‘Grams : “Television,” Exeter. 


The Technical Advisory Bureau 
(Principal: J. Mort, B.Sc. Tech., A.M.I.E.E.) 


can call upon the services of over fifty en- 
gineers, each a specialist in his own branch 
of radio or electronics. Let us solve your 
technical problems. Write for details to:— 


42, Barn Lane, Golborne, near 
Warrington. 

R DEVELOPMENT 

LABORATORIES LTD. 

Announce Design and Manufacture of COILS and 


TRANSFORMERS to Specification, also ALL 
WAVE SIGNAL GENERATOR ° Enquiries Invited. 


BARNARD ROAD « BRADFORD 
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April, 1947 Electronic Engineering 


Made in Three 

Principal Materials 
FREQUELEX 
An insulating material of Low Dielectric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. - b 


PERMALEX 
A High Permittivity Material. For the 
construction of Condensers of the small- 


est possible dimensions. 

A Condenser material of medium per- 4 


mittivity. © For the construction of 
Condensers having a constant capacity 
at all temperatures. | 


xxi 


BULLERS LOW LOSS CERAMICS 


BULLERS CAURENCE POUNTNEY LONDON, . 


Telephone: Mansion House 997! (3 lines) Telegrams: ‘*Bullers, Cannon. London”’ 
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14, SOHO ST. OXFORD ST. LONDON, W.1. Telephone. GERRARD 2089 
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